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P-0>. XI. Of the length and diſpoſition of the Teeth of Wheels, 3or 
Prop. XII. To make an Engin which ſerves to move ſeveral Saws for the 

ſawing of Stones, 303 


Prop. XIII. To change the DireQtions of Motions,or Movements,by the means 
of toothed Wheels, : 304 
Prop XIV. The Deſcription of a Wind-mill, together with the Computation 
of the Force of the Wind on its Salls, 395 
Prop. XV. Of Wheels, and of Lanterns, with their Elbows, or crooked 
Axes, for the moving the Suckers of Pumps, 308 
Prop. XVI. In roothed Wheels, the number of Teeth muſt not contain e- 
xaQly ſo many times the Teeth of the Pinions, or Spindles of the Lan- 


rerns, to which they are applied, 399 
Prop. XVII. Of oblique and interrupted Movements, or Mqtions, 319 
Prop. XVIII. How to raiſe a Weight by an Oblique Motion, 313 
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: : \ HE Mechanick Art is a Science which contemplates about 
the quantities of moving Forces, and of the times in 
which the Motion is made. 

The Centre of Gravity of any Body 1s a certain point with- 
in it, having the parts about it every where conſiſting of equal 
moments according to which it is born downward, and from 
whence if a body be conceived to be hung by a Line it reſteth 
while ir bears downward, keeping the Poſition which ir had 
in the beginning, and that Line is always perpendicular to the 
Horizon. 


FROFUS. LL 


Arious are theEngins,to which ifforce be uſed, their ſtrengths 

are augmented in a wonderful manner, fo that, that which 

is fir to overcome the reſiſtance of 100 pound weight, may be 
nade ſufficient to overcome 1009 pound, yea, 2000 pound weight, 
and more : I will expound this Propoſition, which cannot be 


done berter than by ſimply expoling to view the Engines, whoſe 


forces are increaſed by the ſtrength of their movers, and we 
will ſhew what Experience approves in Common Engins; and 
becauſe almoſt all Authors recal the other Powers to the Bal- 
lance, we will begin with ir. 

B Of 
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Of the Ballance. 


Y the Ballance we underſtand an iron Rod, hanging freely 
in the middle point which is- called the Beam, or Centre ; 
and the efte&t which daily experience teaches us 1s this. 

Fig. 1. if two equal Weights ſuppole of 4 pound cach be hung 
in the points A and B, ſo that the lines AC, CB are equal, 
they will poiſe each other, or be in Equ:/ibrio, But if the 
weight F be never ſo little removed from the Beam or Cock C, 
{0 that the line BC be longer than the line A C, the weighr 
F overcomes and raiſes the weight E; if you ask why thoſe forces 
are increaſed by their greater diſtance from the Beam, or Centre, 
{o that the diſtance augmented is equiyalent to the weight ; 
that is, ſuppoſe two unequal weights E and G, and let the pro- 
portion of the weight E to the weight G, be the ſame as the 
diſtance CH to the diſtance A C; ard that the weight at H com- 
penſates or makes amens in the diſtance for that which it wants 
in the Gravity or weight, ſo thar they ftill remain in equilibrio, 
( or equally poiſed ) therefore ir is queſtioned, wherefore the 
diſtance from the beam adminiſters ſufficient ſtrength to it to re- 
fiſt double its weight ; which is ſo far forth a truth, that. if the- 
line or rod C H being produced farther: in certain diviſions, 
the ſame weight, ſuppoſe one pound, will according to the ſe- 
veral diſtances equiponderate to any weight, or number of 
pounds hung in the point A, and this kind of Ballance is in uſe 
every where, for Butchers weigh their meat by it, and Farmers 
their Hay, &c. Only Note this one thing, which in all En- 
gines ought to be noted, to wit, as often as the force of the 
power is increaſed by the Engin, fo often allo is its motion 
increaſed with reſpe& to the motion of the weight; as in the 
former example, while the weight G is at the diſtance CH, being, 
double the diſtance of A C, all things being ſo diſpoſed, if 
you remove the weight E one foot, the weight G muſt be 
removed 2 feet, {ince it deſcribes an Arch doubly greater, or as 


great again, 2. 
Of the Leaver. 


T4 ſccond Engin which is propoſed is the Zeaver, which. 
is a firm body extended in length, as a Bar of Iron or a 


wooden Bar of firm ſubſtance, in which three things are al- 
WAYS. 


Book I. Mechanick Powers. = 
ways to be diſtinguiſhed ; to wit, the power of the Movent, 
the Weight to be moved, and the point ihr fuftains the Leaver, 
which is called Hypomoclion or Prop, being nothing but a Roller 
or a piece of Timber or Stone laid under the Leaver, to ſup- 
port 1t, even as in the Ballance we diſtinguiſh three things, ro 
wit, the two Weights and the Beam or Cock ; whence it 
comes to paſs that the Leaver 1s compared to the Ballance. And 
becauſe the Hypomeclion may poſleſs either the middle place be- 
tween the power and the weight, or it may be in one of the 
extreams or ends, and that two fold, io wit, either fo rhat the 
weight may poſſeſs the middle place, or elfe the power may be 
in the middle, therefore there are three kinds of Leavers. 

Fig. 2. The firſt kind of Leaver hath the werght on one end 
A, the Power in the other end C, and ihe Hypomechon in the 
middle, to wit, in the point B, and if the power happen to be 
equally diſtant from the Hypemeclion, with the weight, and fo 
equally moved; In ſuch diſpoſition if the power can of it felt 
and without an Engin move 100 pound, and the weight A be 
Juſt 100 pound, ic may move that and no more; bur if the 
diſtance B C be greater than the diſtance A B, ſuppoſe double ry 
it, and being ſo diſpoſed, while the weight is moved one foot, 
the Power C performs 2 feet, then the fame power being plac- 
ed in C, will raiſe or overcome 200 pound in A. 

The ſame proportion in a manner is faid to be in rhe ſecond 
kind of Leaver, for becauſe the diſtance D F excecds the diſtance 
D E, therefore the power placed in F, will be increaſed accor- 
ding proportion of the line D F to the line DE. 

The third kind of Leaver increafcs not the force of the Pow- 
er, but rather increaſes the force and refiſtance of the weight, 
and lellens the force of the power; beeauſe rhe diſtance of the 
power H from the Hypomeclion G, 1s leſs than the diſtance G I 
of the weight from the ſame Hypemoclion ; and conſequently in 
{ach diſpotition the power is leks moved than the weight. 


Of the Wheel, or Axis, in Peritrochio. Fig, 3. 


He heel, or Axis, in Peritrochio may be varioully uſed, 2nd this 
Figure expreſſes it ſufficiently, The power will be in the 
point F, and the weight in the point D ; it may ealily be re- 
duced to the Leaver of the firſt or ſecond kind ; For its Axis 
AB hath the force of the Hyperreclion, and becauſe the weight is 
B 2 in 
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* mD, its diſtance will be CD ard the diſtance of the power applicd 
in F will be E F; Therefore the active force of che power will 
be increaſed according” to the Ratio or proportion of the line 
EFroCD, that is, if E F be four times as much as CD, and 
the power withour an Engin may take up 100 pound weight ; 
it being 2dded to ſuch an Engin may take up or draw 400 
pound weight ; Here we ſhall offer no reaſon, but expoſe the 
preciſe effect and experience; Whercin we would note one 
thing, that the preciſe diſtance from the Hyfomreclicn doth not 
conferr this augmentation, bur that diſtance from whence 
follows the greater motion in the power, will reſpe& to 
the motion of the weight, thar is, if the Power H ſhould 
draw by the rope FH, the diſtance H E 1s not to be re- 
garded, bur only FE, becauie although the length of the 
rope increaſe and conſequently the diſtance HE ; notwith- 
ſtanding from thar diſtance it doth not follow, that while the 
weight is moved one foot, the power is. moved more than 
four feet. 


Of the Pulley or Windleſs, Fig. 4. 


g $25 fingle Pulley increaſes not force, and is reduced to the 
Leaver; notwithſtanding being focompoled that the diſtance 
of the weight and of the Power are equal, and theſe diſtances 
are DB, BE from the immoveable point Bz and ſince na 
Pulley hath motion, but about the Fixed point B, therefore the 
forces are not increaſed, if the principle we proſecute be con- 
ſtitured, becauſe the power is as well moved as the weight. 
The only benefit that accrues from the Pulley 1n this diſpoſition, 
is that the power may be more ealily applied, and to ſhun 
the reſiſtance which may happen by accident, becauſe the rope 
being turn'd abour an immoveable Cylinder 1s fretted and. 
WOrn, 


— 


The Pulley may be diſpoſed aſter another manner. 


Fig. 5. It may be made 1o that the whole Pulley may move, 
ſippoling one end. of the rope faſtned in A, and the weight G, 
the Power F, and this is commonly reduced. to the Second kind 
of Leaver, for the Hypomoclion is ſuppoſed in B, the weight G 
3s in E, and the power F is in D, and. therefore the. di wg 

Q 
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f rhe power is doable from the Hypomociion, and while the 
weight G aſcends to H, the Power F will be moved to a 
double diftance ; It 1s not needtal here to ſhew all the Combi- 
nations of Pulleys, but only in this cafe to ſhew the double 
force of the power, and that force which before was equal ro 
100 pound weight, by this difpotition may be made cquzil to 
200 pound weight. 


Of the W, cage. F- 18. G. 


TR Wedge 1s an Inſtrument made of follid matter, as Tron or 
Food ending in a ſharp point or edge, As ABCDEF, 
ſome Authors ſtrive to reduce it to the Leaver, in which we are 
indifferent, and the Wedge ſeems to be a double Leavcr of the 
ſecond kind, in which the Hypemeclion 15s in the line G H, the 
weight in R and K, the Power in L and M, but how ill they 
have reſented or reduced it, we will ſkew hereafter; However 
it be, it is certain the force of the Power is increaſed by the 
ſharpneſs of the Wedze, and the accuteneſs of the Angle, becauſe 
while the bodies which have the force of the weight, go back 
from one another by the line R K, the Wedge is moved accord- 
ing to the line I O: Add alfo, that the power which is ſtruck 
with a blow on the head of the Wedge, makes a greater motion, 


than the Power which is made by weight lying on the head of 
the Wedpe. 


of the Screw. Tiger, 


Tu Screw 1s a moſt powerful Machine, or Engin, and is a 
Cylinder cut with a wreathed circle about it, which may 
be varioully conſtituted and made : We fhall not-atrempt to 
reduce it to the Leaver, but *tis certain, that one man who 
can alone by his own ſtrength raiſe 100 pound, may by this: 
Engin ſometimes raiſe 10000 pound. For let the weight be 
be DE, the Power C, in the mean while that the weight is 
moved” according to the diftance which is between two 
wreaths, or fpires of the Screw, it is necellary that the power 
placed in the point C abfolves or finiſhes a whole Circle ; 
therefore let the diſtance between the rwo wreaths be equal 
tO the line N Q, then ſeek how many times the line N © is 


. TON. 
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contained in the circumference of the circle CK L, if it be 
contained 100 times, the motion of the Power will be a hnn- 
dred fold greater than the motion of the weight, as is proved 
by daily experience. 


FE CO 13 EF 88 | 


Ariſtotle's Reaſon, why the forces of Powers are en- 
creaſed by the force of Engmes, 1s Examined. 


NR Riſtotle is the firſt that we know of that attempred this ; 

we have often read his whole Treatiſe which he wrote 
of Engives, and confels we could never ſufficiently find out the 
univerſal principle of Machines or Engines : For he attempts 
only to give the reaſon of the Ballazce, and redaces the Lea- 
ver tO the Ballance, and the other Machines or Engines he ex- 
plicates by the Leaver : We ſhall do two things, Firit, we ſhall 
examine the Reaſon which he offers, as the only true and moſt 
likely for the Balance in the middle. Secondly, we ſhall try 
whether thoſe things which are ſaid concerning the Ballance, 
may be ſaid of the Leaver, and whether thoſe things that be- 
long to the Leaver, may be eaſily applied to the other Ma- 
chines, or Engines : For he propoſes ſome wonderful things 
from the Circle, and adds, that thoſe things which are done 
about rhe Ballance are to be referred to rhe Circle, and thoſe 
concerning the Leaver to the Ballance, and all other Motions 
concerning Engins he referrs to the Leaver. 

Ariſtotle reaſons thus, Every Power moving to the centre of 
the World is born down by a right line, and the weight 
thruſts forward, or the weight according to its quantity con- 
tribures to ſuch motion ; but when weight is moved in a Bal- 
lance then it is ſuppoſed to deviate from ſuch reCtirude, and 
by deviation it breaks off and retards the morion preſling for- 
ward from ſuch power, and by how much more the motion 
produced by ſuch power is retarded, by ſo much more de- 
creaſes the force of that power in order to ſuch motion ; but 
.becaule that which is neareſt the Beam or Cock, is alſo nemees 

the 
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the retaining principal, ard deviates more from right” motion 3 


| therefore the moving power being, applied in a point near the 


Cock, loſes more of its force ; and that which 1s more diftant 
from the centre or Cock, partakes leſs of motion ; beſ:d:s che 
nature of that motion comes nearer to right motion, and there- 
fore its force is leſs hindred to exerciſe its power, wherefoere 
that weight which is fartheſt diſtant from the Centre is eaſily 
moved, and although it be equal to the other weight weighiug 
againſt it, and leſt diſtant from the centre, it will be moved 
more eaſier; which to make more plain he inſtitutes a geometri- 
cal Demonſtration in this manner : 

Fio. 8, Let the Tron rod A B be the Ballance, the Beam or 
Cock A, about which, as about a Centre, the whole rod AB 
is moved ; and let the weight be B which deſcendeth by force 
of its own weight, and deſcribes the arch BH); alſo ler there be 
another weight C, which while it deſcends by its own gravity is 
conſider'd according to the diſpoſition of the Ballance, to de- 
ſcribe the arch CDY, leſs than the arch BEH: Suppole the 
weight C to deſcend to the point D, and draw the line D E, 
which let be parallel to the hne AB, Suppoie the weight B to 
deſcend to the point E, fince the natural motion of heavy things. 
is perpendicular, the lines F E, G D meaſure the natural mo- 
tion of the bodies or weights, or the motion which is accord- 
ing to their Nature ; But the lines CG, FB meaſure the preter- 
natural motion, to wit, by whoſe force they are retracted from: 
their lines of Direction, or perpendicular lincs; butFBis leſsthan 
CG; for if equal right lines fall perpendicularly on the Seme-di- 
ameter of unequal Circles, that which is in the greater circle 
cuts of the leſſer part becauſe the greateſt circle is leſs crooked :. 
Therefore while thoſe two weights have an equal natural mo- 
tion, that which is fartheſt diſtant from the Centre hath leaſt of 
the preternatural motion, therefore the ealier moved, and there- 
tore hath greater force to move the other, and conſequently 
comes to E ina ſhorter time, than the weight C. comes to D. 

— Moreover he adds, becauſe the motion of weight is equal 
in each, the motion which is according to nature is in it ſelf 
the ſame to preternatural motion, bur it only then happens when 
n the ſame time that C comes to D, in the ſame time alſo 
B comes to L ; for then drawing the linc 1 L perpendicular, it 
will beas IL to IB,ſoDGtro GC; in the Triavgles A G OD, 
A LI (by Prop. 4..£/,6.) fo is I LtroAlas GD to AC; and as 

A 
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ADorACtoAGorAK,foisABto AT, therefore by divi- 
fion, it will be as IL o1IB, fo GD to G C: When therefore 
it happens only in the point L, that the proportion aforeſaid 
is kept while the potnr C comes to D, the point B will come 
to L, therefore B is moved more {wiftly. Theſe are Ariſtorle's 
words, Qram igitur > cauſam ab eadem potentia celerius fertur, id 
quod plus a centro diffat, ex iis que difla ſunt eſt manifeſtum. And 
Queſtion 3d. he ſays, Qucniam autem ab xgquali pondere celerius 
movetur eorum, que @ centro ſunt ; duo verd pondera quod movet, & 
quod movetur ; quod igitur motum pondus, ad mcvens longitudo pati- 
tur ad Ieagituamem, ſemper autem quanto ab Hypomcclio diſtabit ma- 
gis tanto facikus movebit. 

Many things are wanting in this Demonſtration, Firſt, be- 
cauſe the weight B is more eaſily moved ; he concludes alto, 
that it hath greater force to move the oppoſite weight, but whe- 
ther he hath atſigned the rruc cauſe, the comparing of the cauſe 
with the efte& will ſhew ; which that we may confider. we ſup- 
poſe the line A Bro be double the diameter A C, therefore G © 
will nct be doable of the line FB, therefore will not the preter- 
natural mixt motion i: the weight C, be double to the pretcr- 
natural mixt motion in ihe weight B, and therefore that cauſe 
is not moſt likely and true from whole Compariton the propor- 
tion of the effe& and cauſe is not ſhown : For it is certain, that 
che weight of x pound in the point B will be equivalent ro the 
weight of z poynd placed in the point C or T; Whence we 
deny this conclafion can follow from that antecedent, that the 
weight which is fartheſt diſtant is eaſieſt moved, therefore if it 
be diſtant a double diitance, it will obtain a force doubley great- 
er; and neither do Mathematicians deduce their concluſions 
after that manrer ; although while the diſtance increaſes the 
facility 16 motion ſhould increaſe, ir doth not follow that it 
increaſes in the ſa:ne reaſon or proportion : And ſo we deny 
the facility to motion of the weight in B to be double, to the 
facility tro motion which the weight hath in C; becauſe that 
contiiry which is mixt in C is not double to the contrary which 
is fund in 3B. 

Secondly, Ariftctle ſpeaks of the ſwiftneſs. of Motion, and 
from the Swiitneſs he concludes to the Power moving, which 
we ſhall ſhew ro be falſe. Ir is certain, that if two Weights 
ſhould be fucceſlively in the point B, one of one pound, and 
the other of two; neyertheleſs they will be equally or with 

equal 
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equal velocity moved downwards, if they are of the ſame mat- 
cer and figure, or if there be found ſome difference, it will noC 
be in proportion to the weights; Wherefore although we 
ſhould grant the weight B to be moved with a_ velocity , double 
To C, yet notwithſtanding. the torce of his reaſoning doth nor 
conclude it to have greater force ro move the other. 

Thirdly, what is ſaid in demonſtrating the weight B ro be 
moved with a double velocity or {wiftneſs tro C; he either un- 
derſtands while they are joined in the fame ballance, or he 
underſtands it while they are ſeperate and in two ballances: 
If he means the firſt, there was no need of ſo much reaſoning, 
neither doth - that preternatural mixt motion help any thing. 
But if theſe two weights are lookt upon as Seperate, or in 
divers ballances, that we may examine what force they have, 
it is falfs that. that which is fartheſt diſtant, is moved with a 
double Swiftneſs. Ariſtotle knew not the doCEtrine of Pendulums, 
for the ſwinging of divers Pendulums are perform'd in equal 
time, to Wit, if in the ſame time that the weight B-being left 
tOIts own nature comes to L, in the ſame time the weight C 
will come to D, alſo they abſolve each his quadrant in the 
ſame time ; Notwithſtanding if there be two pendulums C and 
B, and the Swinging of the weight B be longer than the ſwing- 
ing of the weight C, ſo that if the leſſer dure 2 minutes,the other 
weight B takes up almoſt: 3 minutes in perfeCting its vibration ; 
Whence howlſoever he explicates this Demonſtration, he wavers 
in all things, and is far from Mathematical conviction. More- 
over we will ſhew, that although the demonſtration have ſome 
force in that part of the Circle, yer it obtains none in others; 
for in the firſt place lec the lines O H, Y K be equal, and draw 
the parallel lines K R, OP; Ir 1s certain, that OP is greater 
than K R, therefore if there be a weight in R and another in 
P, one deſcendsin Y and the other in H, the preternatural 
motion will be. more in the weight more remote, notwith- 
ſtanding in this caſe the weight which is at greater diſtance, |. 
Obtains greater force ; therefore that which hath greater force, 
is not begat irom the letſer mixture of preternatural motion ; 
which may better be perceived in the points 3 and S; for if 
the weight 3 move to $, and the weight X to T'; the lines, V 
T, SZ meaſure the pretcrnatural motion, and the lines V X, 
Z 3 the natural mcrion, and the weight X leaſt diſtant from the 
Centre Or Beam, Will be more-moved by the natural murion than 

C the 
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the weight 3, and therefore cafier, whence it obtains greater 


w 
force. 


Whoſo diligently conſiders the parts of each quadrant, will 
' find this mixtute. of contrary or preternatural motion to be 
leſs in the leſſer circle than in the greater ; and the reaſon is, 
becauſe although rowards the Diameter A B the greater Circle 
comes nearer to a vertical line, yet towards the diameter R H 
ir Comes nearer to an horizontal line; and ſo much for the firſt 
part of this Propoſition. 

Fig. 9. That which belongs to the ſecond part of the fame 
Propoſition, to wit, although we grant that, which 4ri/torle 
aſſigns for the true caufe, why in the ballance the weight moſt 
diſtant from the centre hath greateſt force, to wit, that it hath 
leſs of the contrary or preternatural motion, yer notwithſtand- 
ing we do not find the reaſon to be the ſame for the Leaver, 
For the power A, may move Circularly, ſo that it have nothing 
of Preternatural motion, ſince the power of an Animal is in- 
different to any different place; therefore ſince it hath no pre- 
ternatural motion admixt, the force of the greater Circle doth 
not move caſter than the leſſer, which notwithftanding is con- 
crary to all experience. 

Secondly, that kind of Leaver only in which the Prop or 
Hypomoclion is found between the Power and the Weight, may 
properly be reduced to the Ballance, but the other kinds nar 
{o properly. 

Thirdly there are divers Machines or Engins which are difh- 
cult ro reduce to the Leaver, and by that means to the Ballazce; 
and firſt for the Wedge, We ask whether there be a Prep or 
Hypomoclien, and to what kind of Leaver it is reduced 2 Whar 
Circle is deſcribed from it 2 What 1s its preternatural motion ? 
Whar its natural motion ? Surely there 1s in the Wedge the im- 
pretſion of the weights reſiſtance to be exerciſed in the parts in 
which the body touches, as in KR; We ask in what point is. 
the Prop? Where the length of the Leaver, Which if it be in- 
creaſed'\according to the common rules of the Leaver the Vir- 


rue of the Power will be increaſt ? If 'cis ſaid the point of it 


is the Prop, we will ſhew 'tis nor, becauſe if the point of the 
Wedge ſhould be cut off, yer nevertheleſs the Wedge would have 
its whole force ; If 'tis ſaid the line KL is the length of the 
Leaver, *tis falſs, becauſe although that length be cut ſhorter, yet 


notwithſtanding the virtue of dividing is not deminiſht which 15 
NOT. t 5 
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in the Wedge, therefore which way ſoever you turn the Tedge 
i Vil you will {carce reduce it to the Leaver. 


Fourthly, Much leſs do we own the compariſon of the Lea- 
ver in Screws, which may rather be reduced to the Wedge; 
for if you own the Axis of the Cylinder, about which the 
{crew or ſpire is circumvolved to be the Hypomoclion. The di- 
ſtance of the Spires or Screws from that Ax1s,will be the diſtance 
of the weight from the Hypomoction, according to which di- 
ſtance the reſiſting power of the Weight is meaſured, whence it 
follows in the Screw, .the Cylinder that. is. leſs than the other 
pairs, more eaſily overcomes the reſiſtance of Weight, which 
nevertheleſs is falſe: For neither is this the meaſure of the re- 
ſiſtance of the Weight, or the virtue exiſting in the Screw, bur 
ought ro be deduced from other principles, ro wit, from the 
compreſlion of the Spires, for when the Spires or Helices 
are more thick or cloſer together, the ſtronger and more pow- 
erful are the Screws; Therefore we mult ſeek another princi- 
ple of Machines or Engtns more clear and cafie, which being 
once conſtituted, the power of every Machine or Engine well 


be unfolded, and the proportion of it to the reliſting. force of . 
the Weight will be detected. 


Ot 
may . i « - ww 
$ NOT | wy 
wE FROFUS, 1h. 

ance; : 

pc Archimedes reaſon Examined. 

Vhat | 

10n! Fig. 10. Rehimedes in his ſixth Propoſition, .«£quiponderan« 

im- tium, and many others afterhim, have attempted 
($10 to eſtabliſh as the chief principle of Machines or Engins, that in 

it the Ballance, if the weights and their diſtance from the Centre 

I be- reciprocal, they confiſt and counterpoiſe each other. 

Vir In the firlt place, we referr this to be ſertled by the reverend | 

of Father Leoranudus, and what power his demonſtration may ob- | | K 
f the tain ;- ſuppoſe A B to be a Rod cf a like weight in every part, p* 
have and divided in the middle in C, and ' underſtand C to be the 

the Centre of Gravity, and CD to be drawn through perpendi- 

net cular tO it; by the point D draw an iron rod D E, which let 1 

<6 be ſo alike for weight as to conſider it wanting all weight, and 


y 05:3 let | 
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Ter DE be greater than the half of C B, and make GD. equal 
to I B, and H K equal to the line A H; when the lines CI ard 
I B (equal toH C) are added, HI and CB will be equal, and 
ſo H I will be equal ro the half. C B, and the remains A H, 
I B together: are 'equal to. the, other halt; and becauſe A H, 
H Kare equal, being taken from the rwo equal aggregates 
HK, K1, AH, IB, the lines KI, I B will be equal. Lettwo 
Threds or Lines H G, I E hang up the rod A B, and faſten ir 
ro the rod G E in the point D, which anſwers the Centre of 
gravity C, the line from whence 'tis hung up' being perpendi- . 
cular with the line D' C, anſwers to the, Centre of gravity C ; 
A B will remaih equally poiſed, or in Equilibrio, * 

The Demonſtration. Let the Rod A B be really divided in the 
point K, that is, ſeperate the Union, <or cur it in two. Firſt, 
fince A H, H K are equal, neither will preponderate or our 
weigh the other ; moreover 'lince K I, I Bare equal, neither 
will prevail, Wherefore, as yet they. will remain in Equzl;brio ; 
therefore the whole line will remain in the fame manner as be- 
fore, being hung by the ſame point D, therefore as. yet the 
whole line will be in Equilibrio : But fo 1s the diſtance H C. of 
the weight: A K from the Centre, ro CI the diitance of the 
lefler weight K B from the ſame Centre, as the weight K B to 
the weight AK; forſois AK co KB, asits half HK or C1 
is toK I, of HC its equal; therefore we have rhis in Equili- 
brio while the whole weight A K is to the weight K B, as the 
diſtance I C to the diſtance H C reciprocally, which was to be 
demonſtrated. 

We will confider hereafter whether this Demonſtration con- 
vinces, and afſumes nothing as now proved, which notwithſtand- 
ing ſhould be demonſtrared. Sus ence f 

. Fig. 11. Archimedes 4 little after endeavours to prove'this ſome- 
whar otherwiſe, and he ſuppoſes the Iron Rod to be A B, and 
he ſubſtra&ts from its gravity that which + hung in the middle 
point G ; he hangs 6 equal weights, here 3_ and there 3 at e- 

ual diſtances, *tis clear that they are in Equilibrio, he ſuppo- 
ſerh 2lfo that all theſe weights are alixe, and equidiſtant - 
tween themſelves : - Alſo he ſuppoſes any weights to gravitate. 
and operate in the ſame manner, as long as they retain the- 
ſame common centre of gravity. 

The Demonſtration is clear, in caſe the weights be diſtribu- 
buted according to the diſpoſition unfolded, betore which 'com-. 

| HEELS NIQIL. 
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mon centre of gravity of all the weights together will be in G; 
but if you conſider 4 weights BCD E whoſe centre of gravi- 
ty will be in the point 1, and the centre of gravity of the 
weight FLis in H; wheretore the weights will gravitate in 
the ſame manner, howſoever they are diſpoſed, they keep in a 
manner their centre of gravity in the ſame point H ; therefore 
conjoin the weights F and L in the point H, and conjoin the 
4 weights BE D Ein the point I, or ſo abour the point I, that 
their centre of gravity may be the point I. 


Fig. 11. All theſe weights will gravicate in the ſame man- 
ner in this diſpoſition, as in the former; Burt in the forme? 
they were in Equilibro, therefore in this ſecond diſpoſition they 
will be in Equilibro : But in the {ccond caſe, fo is the weight 
BCDE to the weight F L, as the diftance G H to the diſtance : 
G I therefore it will be in Equilibro, when as weight is to 
weight, ſo is diſtance to diſtance reciprocally. 


Theſe Demonſtrations are ingenious, but they do bur ſup- 
poſe thoſe things to be the pricciples of Engins which is foughr: 
For firſt of all in both Demonſtrations he mentions the centre 
of gravity, but it is not known what that centre is, and this 
centre of gravity Can hardly be proved, unlc:s there be coniti- 
tuted a common principle of Ergins ; In the tit, although it 
ſeems clear enough that the divicon being made in the point K, 
the lines A K, ie in a direct line, becauſe that both oarts 
AH, HK and/KI, IB are equal; Notwithſtanding it doth not 
appear to me/ that they ponderate in the ſame manner, the di. 
viſion being made as before: For the part CK before the divi- 
fon, exerciled its gravity with the other part K B, and as I 
may ſay, was ſtaid by its parts : But the Union being loofed, it. 
exerciſes now 1ts Own gravitation, together with the other part | 
A C; Whence although it were before in Egn:tibrio, .it follows. 
not that it being ſeperated the Equilibrium remains. 

I iay the ſame of Archimede's demonſtration, for I cannot grant 
that weights have the ſame manner of gravitations they ſhould 
have among themlſelyes, and the ſame gravitation they ſhould . 
have reſpectively to another weight, fo often. as they . charge 
not the proper centre of gravity : If in one caſe, one of th-m 
will be found on one part of the centre, and in the orher it vill 
decline to the other part ; that is, 'tis doubted whether the 
weight E tranſported in I being united with other weights B C . 

| D1n.. 
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D in the ſame point I, hath the fame force, and not greater, or 
lefler. 

And that we may ſhew the Principle ſought, the definition 
of the Centre of gravity is commonly thus given, to wit, *ris 
the point dividing the heavy body in two parts of equal mo- 
ments, but moment is not ſimply the weight of body, bur 
grows together from the weight and diſtance, therefore to the 
underſtanding of the Centre of gravity the conſtituted principle 
1s \ſuppoſed, whoſe realon we ſeek; viz, Why weights by rea- 
ſon of their greater diſtance from the centre have alſo greater 
force to move. 


FROEUS.; 


T he true Reaſon of increaſmg power by Engins. 


Fig. 12. F TOne will require of us a ftrict demonſtration here, 
becauſe we are buſted in phiſick matter, and we 
inquire the principal of natural and ſenſible motion, which per- 
haps will nor preſently occur ; one thing I muſt ſay, that al- 
though I do not effect the thing, yet by removing things out 
of the way, I ſhall open a door to let into ir ; therefore I ſhall 
attempt many methods, that fo if one arrive nor at it, 1 may 
make way for another : Firſt, in the ballance I will endeavour 
to ſ{ertle that common maxim, while the weights and diſtances 
from the Centre are reciprocal it is in Equilibro; As if in the 
ballance A B the weight A of two pound is to the weight 
B of one pound, as the diſtance CB of two feet to the diſtance 
AC of one foot. If from a piece of timber, you hang a bal- 
lance from the point C, to be in Equilibrio, fo that you remove 
it ſo far from the Centre to anſwer the addition rhat ſhould 
be made to the weight, thar is, if the weight of one pound 
hang in the point D, and in A a-weight of 2 pound, ro make 
them in Equilibro the ſame weight ſhould be added, and in 
ſtead of the fame weight you may add the fame diſtance, or fo 
re.nove it from the Centre that C B be double ro CD; Thus a 
weight of 1 poundbeing placed in B,it will be again in Equilibro, 
Cxperience {hews this, but the reaſon is to be fought. F 
Firſt, 


—————--" 
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Firſt, I ſuppoſe any heavy body to reſiſt a motion upward 
and the greater 1t 1s, the greater MOtion It will reſiſt ; ſo thal 
a greater violence or- force 1s required to move upwards 4 
weight of 1 pound the ſpace of two fer, than to raiſe the ſame 
weight but one foot high, or ar leaſt it requires a force to be 
applied of a longer continuance of time. 

Secondly, I ſuppoſe while the weight is moved downward, 
the weight on the other part of ir may move ſomewhat up- 
ward, ſo that it may overcome the 1cfiſtance which the oppo- 


fire weight hath ro motion upward ; alſo while a weight is 


moved more down or lower, it produces a greater Impetus, tO- 
gether with that motion which would have bin if the motion 
had bin leſs; this laſt part of the ſuppoſition ſeems hard, there- 
fore I ſhall explain ir more largly. 

I Suppoſe thirdly ſome. productive cauſe of motion to be 


given, diſtin&t for the moſt part from rhe principal agent to: 


which motion is aſcribed,as in things proj<&ed or caſt from one, 
I think in good Philoſophy it can ſcarcely be denied, ſuch like 


Cauſe beſides motion which is ſucceſlive, and no part whereof 


exiſts with the other, and therefore the other cannot be the 


cauſe, for every effeftive cauſe acterth not but when it exiſts; 


Therefore while its aCtion exiſts, it ſelf alſo exiſts, and while 
its aCtion exiſts the effect exiſts by ſuch action produced: There- 


fore while any effec is produced and exiſts, its cauſe exiſts, but- 


while one part of motion exiſts, another part exifteth not, there- 
fore one part of motion cannot be produced from another, and 


therefore another cauſe of motion ought to be admitted, bur- 
this cauſe is not the principal agent to which motion is. 
attributed, for firſt in things projected, the hand which throws. 


the ſtone is not any more Join'd with the flone in conveying 
it through the air, and therefore produces nothing further, 
neither can that be attributed to air that ſome do, to wit, thar. 
the hand while it Impels the Stone, impels likewiſe the conti-: 
guous air, and that air other air, untill it make a Circulation, 
and this laſt air carries:the Stone farther ; but on the contrary, 
in the ſame preciſe Moment and time wherein the Stone joined 
ro the hand moves. the air juſt before ir, ( fince Penetration is 
not granted ) in the ſame time alſo this air moves the follow- 
ing air, and fo conſequently makes the whole Circulation ar 


the ſame preciſe time, and there is found only the priority of 


dependence : Suppoſe the motion of the Stone to be from the 
point. 


Ld SI 
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point A to B, and in the ſame preciſe time 1t makes the whole 
Circulation, and the air which was in E follows in F, neither 
hath ir greater force to farther motion than it hath from the 
Stone ; from the following time I as« whether the motion of 
the air F depends on the motion of the Stone, or the motion 
of the Stone on the motion of the air, if you ſay the firſt, I 
demand again from whence the Stone is moved, if the ſecond, 
I ask from whence the air is moved, for the paſt motion of 
the ſtone cannot be the cauſe of motion of the preſent air, 
therefore it is neceſſary to fay ſomething is added to the Stone 
from whence it is carried through the air, and this I call Imperus, 
or force, whatſoever it be. 

Moreover I will ſhew, Impetus being granted, viz. While 
a body deſcends it ſeems to me a reaſon to be alledged, why 
in the firſt ſpace of time the body deſcends one foor, 11 rhe 
ſecond three, in the third five, in the fourth ſeven, and fo on, 
unleſs the continual production of ſome Inpeirs be admitted, 
which is the immediate productive Cauſe of motion, which 
Impetus is permanent and may be increaſed. 

Alſo it follows, that a ſecond Tmpetus is not produced, un- 
leſs the firſt hath and produces ſame motion, let two weights 
be ſuſpended in the air, each produces ſome - Impetrs in it ſelf, 
and 2!fo in the body which they hang on, ler one weight be 
moved by the ſpace of three inſtantes, or moments, ſo that 
after that third inftant it hath an Impervs 25 three, Ict down 
the ſecond weight in the begining of the fourth Inſtant, where- 
forc it hath rot the Impetus as three as the other weight; be- 
cauſe ({ you'l fay) it remains unmoved, and the other is mov- 
cd: therefore motion is the condition ro the producing a 
farther Impetus, at leaſt ſuch motion whole Impetus is aceord- 
Ing to nature. 

Wiich I ſhall hkewiſe make good from other experiments : 
Firſt, why while I drive a nail with a hammer of a longer 
handle I produce a ſtronger blow, or ſtroak, in like manner, 
it I lift the arm and the hammer higher, ſo thar it deſcribes a 
greater Circle, the ſtroak is made more valid and ftrong ; no 
other realon can be given, bur that by the greater motion 
( whether as the condition, or as the cauſe, it matters not ) a 
ſtronger Impetus is produced, ſo that the power unleſs it he 
moved, :ever produces in the begining of its motion ſuch 
Impetus in the nail, how great foever the endeavour be, as it 

produces 
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produces while it hath ſome motion ; ſo that if 10 men preſs 


with their weight upon a nail it doth nor entcr the wood ſo 
well, as if it be drove with an hammer by one man. 
While any one runs a pace, if his feet be ſtopt he cannor 


chuſe but fall ; and fo a horfe on full ſpeed can ſcarce be held 
in, whence they lift up their fore feer, as ir were a Contrary 


motion to aſwage every Concieved mpetirs; While a boat 1s 


carried with a great TImpetus, and is ſuddenly opt at the ſhoar, 


all that are in the boat are moved, becautc now the concieved 
Impetus is conveyed farther they bend forward being ſtopr. 

And I ſhall ſhew that a weight of one pound placed a little 
farther from the Centre than another weight of one pound, 
will raiſe it up ; ſuppoſe two weights equal cach ro one pound, 
ſo placed in a ballance thar one is double the diſtance of rhe 
other from rhe Centre; whence I thus argue. 

The weight of 1 pound while it moves downward 2 feer, 
may over come the reſiſtance which a weight of one pound 
hath ro motion upwards one foot : therefore if they are lo fit- 
red in the ballance, that while one is depreſſed 2 feer, the 0- 


ther is only raifed 1 foot, it raiſes that upward ; The antece- 


dent is proved, while the weight of oze pound is moved 
downwards 2 feet, its aCtive force or Inpetus which it puts 
forth together with ſuch motion, is preciſely equal to that 
reſiſtance which the oppoſite and equal weight hath ro motion 
upwards two feer, but the refiſtance to motion upwards one 
foor is leſs than tro motion upwards two feet; therefore 
while one pound weight is moved downwards 2 fect, the 0- 
ther pound weight may be moved upward one foot; But when 
rwo equal weights are fo placed. in a ballance, that one is 
doubly diſtant an the Centre to the other, it alſo eftets a 
double ſpace to that which its oppoſite effeEts ; therefore we have 
one reaſon now, why berween equal weights that which is far- 


theſt diſtant from the Centre is deprelled, and raiſes up its 


oppoſite weight, which may -be alſo proved in this manner ; 


when two unequal weights are equally diſtant from the Cen- 


tre the greater raiſes the lefler, becauſe the parts of motion 


downwards are more than thoſe upwards, and in like manner 


when equal wejghts arc ſo placcd in a ballance, thet o1 e 13 


farther diſtant from the Centreahan Vother, the parts Of moti- 


on downwards will be more in one than ihe parts of motion 
D up - 
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upwards, are in the other ( or its oppofire) therefore the 
weight which is fartheſt diſtant from the Centre will raiſe rhe 
other oppoſite being equal to its ſelf. qo 

The motion upwards of heavy things 1s againſt nature, and | 
the violent motion of them downwards 1s agreeable to nature; | 
but how much that is which 1s 2gainſt' nature, fo much is the. 
reſiſtance to that ; and how mucl1 that 15 which 3s agreeable to | 
nature, fo much is its inclination and active force to overcome 
the oppoſite reſiſtance; therefore where there 1s a greater moti- 
on downwards than the mation upwards, the active force of 
reſiſting will overcome. 

The ſecond. reaſon 1s; a greater Impetus iS required [ro move - 
the ſame weight a greater {pace than a leſs, whether the whole 
Impetus be produced together, as happens in things projefted 
or thrown ; or ſucceſſively,as when a weight 1s drawn. 

Alſo a greater Impetus is required to move a greater weight 
ſome ſpace, than to move a leſs weight the fame ſpace ; whence I: 
thus argue,an Twpetus which is required to move a weight of two 
pound one foor, is double to-the Impetus which is: required to 
move one pound one foot; But the Imfetus which is required 
to move one pound, two feer,. 1s in like manner double to thar 
which is required to move one pound one foot; therefore the 1:- 
pets Whichis required to move two. pounds one foot, 1s equal to- 
the Impetusneceflary to move one pound tworfeer,for thoſe ſame 
things which are doubled are equal among themſelves: Eut: 
when two weights are ſo placed in a ballance thar the weighr 
of two pound is diſtant from the centre one foot, and the 
weight of 1 pound is diſtant two feet ; while the weight of 
1 pound is moved downwards two feet, the weight of two. 
pound is elevated one foot ; and one pound weight as moving 
downwards. two feet is in Equilibrio with one pound moving, 
upwards two feet: Therefore one pound moving 2 feet, will 
be in Equilibrio with 2 pound. .moving upward 1 foot. 

And that we. may render the ſame reaſon more univerfal,. 
and that we may apply it not only to weights and ballances, 
but that we may extend It to all Erngins in general: Suppoſe as 
before, by how much more the power 1s that is moved, by 1o- 
much the greater and ſtronger is the Impetus produced ; there- 
fore if a power while it is moved 1 foor can move 100 pound h 
x foot ; While the lame power.is moved two feer it will move: 
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200 pound 1 foot ; to clear which point, ſuppoſe for explica- 
tion fake a certain opinion rejected by moſt Philoſophers, to wit, 
that time increaſes or grows from indiviſible Inſtants ſucceed- 
ing each other; ſuppoſe likewiſe that which neceſlarily follows 
from ſuch an opinion, to wit, the flowneſs of motion is poſited 
in more or leſs little Staies of reſt, which opinion I do not pro- 
poſe that in it I may found my reaſon, but only that I may 
ſhun that confuſion which the common ſentence begets, con- 
cerning the continued compoſition from parts infinitely di- 
viſible ; for when they treat of rhis infinity, 'tis no wonder if 
they mix obſcurity and darkneſs rogether ; Therefore ſuppoſe 


a power which while it is moved one point may move 100 


pound one point, and being fitted in an Engin fo that while the 
power is moved two points, the weight 1s moved only one point. 

In ſuch a ſuppoſition, the power will be moved the ſpace of 
ene point, the weight all the while no ways reſiſting fuch a 
motion, becauſe the weight as yet is at reſt, but when the 
power is moved to the {econd point, it hath a double Imperns, 
viz. the Impetus produced in the mean time while it is moved 
through rhoſe rwo points, bur a double Impetus moves a double 
weight; therefore the power which 1s moved two points will 
move a double weight one point, if it be ſo fitted in an Engin 
thar neceſlarily its motion ought to be double to that which 
follows in the weight. 

And although this opinion Concerning continuals ſhouldnot 


.be true, and the power ſhould never be moved but the weight 


ſhould be moved although ſlowly ; nevertheleſs fince a power 
exerts a greater Impetus when it is moſt-mavyed ; as often as the 
motion is greater in it than in the weight, ſo often the Im- 
petus will be greater in it, than if ir had bin moved <qually 
with the weight; bur a greater Impetus Can overcome a greater 
weight, therefore a greater motion of a power Compared 
with a lefler motion of a weight can alſo overcome a greater 
weight. 

To make it clearer, Suppoſe, to move a weight of 100 
pound one foor, an Impetws be required as 4, which the 
power A may produce, and as I may fo ſay, to lift it up while 
it 1s moved one foot; there will be required to move a weight 
of 200 pound one foot,an Iperus as 8, but an Tnpctus as 8 is pro- 


duced from a power if it be moved 2 feet; For more Imfetus is 
produced from a power while *tis moved two feet than while 
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'tis moved one foot, therefore that principle remains, viz. 
The Power as moved 2 feet cfte&s the ſame, as. rwo powers 
which are moved only. 1 foot ; and we muſt. not think Imperus 
to be fo fluent of nature, as not to maintain and as.it were 
heap together, thar is, if the power be moved for ſome time 
it ſhould. not increaſe, alfo its intenſive Imperus is not reliſted. 
by fuch Impetus; in like manner, a. weight is not ſuppoſed ſo. | 
© reſiſt a leſſer motion, as. a greater ;. whence if a power be. 
fo compared with a wetght, that while it is moved 1 foot the 
weight is neceſſarily moved the ſame, and the reſiſtance of rhe 
weight. is. greater as moving one foot than the Tmperus which. 
is produced from the power being. moved 1 toot, no motion. 
follows ; bur if an- Evgin thus diſtributes the ſame Typerus, that 
the whole be Imployed in. moving the fame weight ha!f a foot 
it will make ſome motion. 

Nevertheleſs becauſe this thing is of fo great moment, and: 
contains the moſt univerſal Principle 1n nature, therefore *ris 
worth our while to proſecute the thing a little farther, and to. 
apply it in every part that it may appear more plainly. 

[ {uppoſe firſt, that *ris.equivalently the fame thing to apply: 
a motive powes 25.ane, ſucceſſively ro move a body, ſuppoſe the 
ſpace of 5:feer,. ſo.that ir move in the firſt time the ſpace of 
i foor, morcover the ſame power moveth in the ſecond time. 
by another, and: fo: on, and tro- apply five moving: Power 
Succeſlively as one ; of which,to wit, the firſt moves in the firſt 
time x foot, the: ſecond in the ſecond time following, the: 
third by the third, and ſo-on ;. for the moving power as one: 
if it be applied ra. the ſecond: time, may as. well move a- 
nother alſo like it ſelf, therefore the ſame will be Equivalent. 
whether the ſime motion continue, or another like to it be 
Subſtruced. 

Secondly I ſuppoſe to. move or fuſtain a body, to be the. 
fame, as to apply five powers each of which is a power as 1, 
and to apply 1 ſo-that ir may be a power ass; as if in one 
ballance you put a body of Gold of one foot; the- fame will- 
.out weigh 5 bodies.of cach r foor of another matter, which 
is five times lighter than Gold; for neither: hach rhe moving. 
virtue in it ſelf, as.the firſt quality; for if 5 heats or warm 
things are put as 1, they, Can never be produced in the Subyeet: 
bur as one heat : But and if 2 Powers are {ufficiert to move. 
each. of them a weight of 100. pound; If they are zoyn'd ard: 

CONCUE. 
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concur together they wili overcome or move a weight of 
200 pounds; This rule 15 common in all Equivocal A gents, 
ſo if the powers of two candles in ſome determinate place, 
each of them produces x degree of light aCting rogether in the: 
fame place they produce a greater degree of light; fo while the 
Sun in an Eclipſe is hid in ſome parts, the light Shincth more 
weakly, therefore in theſe cafes extenfton begets intenſion,or 

is equivalent to It. 

Suppoſe two men move unequally, to wit, with a double 
velocity one to- the other ;. what 1s in one that is nor in the 
other; And' firſt it is certain that the: motion of the o1e 1s. 
always double to the other, io thar while one 15 moved one 
foot, the other only moves half a toot; and while the ffi 
paiſcs over half a foot, the other pafles over a quarter of 
toot; and in whatſoever time allignabie, the parts of motion 
in the one are more than in the other, whence 'tis ccrtain 11 
the ſecond place, if the motion of the power confers to this 
that it move the oppoſite weight, while the power hath greater 
motion it produces-a- greater Hhypetus in the oppolite weight, 
from whence the argument may be formed. 

A power advances its force by motion, therefore while "ris 
moved with a double velocity, "tis equivalent to a double force, 
bat a double virtue or force can move a weight doubly greater, 
Or as great ag2in, therefore a power moved with a double ve- 
locity can move a weight doubly greater; the firſt Antecedent 
is Certain, for a power however it be applied. will not move 
unleſs it be moved, whether its motion be the condition to this 
that moves, Or whether the motion it fclf be the immediate 
cauſe of motion,it matters not ; neither 1s there need to examin 
theſe things, fince divers explications ariſe from divers phiſical 


principles: For ſome acknowledge no motion which takes. 


not its rife from. Impetus or force, and Conſequently to produce 
a greater motion in a power, they require a more ftronger Tn; 


petus; therefore if a power be moved with a velocity double: 
to the weight, it produces an Impetus doubly ſtronger ro that: 
which it woul& have had if it had-bin moved equally with the - 


weight: Bur it it be moved equally with the weight, the I- 


pets Which 1s produced in it ivir ſhould be ſufficient ro move: 


roo pound f{uch a ſpace; thereſore it it be moved wirh :: 
double velocity it will move 2co pound the ſame ſpvace; bein; 


explained, we'll Suppoſe a free Power 10 impel lightly ton. 


Weight. 
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weight, ſo that by the force of its 1mpreſlion it is not moved, 
ic will uſe a greater endeavour and at length moves it. I 25k 
what makes that greater endeavour uvleis a more ſtrozger Imn- 
petas be produced ( ſuppoſing always that fuch Izpcrs is grant- 
ed) bur if the power it ſelf be moved more ſwiftly, it pro- 
duces a greater Impetus : Therefore by the greater motion of a 
power is adhibited that which is neceffary, that a weight may 
be moved doubly greater ( or as great again) each part is 
proved, to wit, while any body 15 moved more {ſwiftly a 
ſtronger Impetus is produced; or the intenſe motion being 
Secluded what way ſoever from Iz7petzrs, the ſucceſſion of fo 
much local motion is agreeable with intenſion ; For the velocity 
of motion is ſome perte&ion which cannot be explic2red, be- 
cauſe of the ſuccetlion of motion, and the infinite diviſitility 
of time. Notwithſtanding in each opinion, velociry or Swift- 
neſs is ſaid ro be ſome perfection of motion : For ſuppoſe in 
Fig. 14 ſome mction in Angles, in as much as ſome think them 
indivithble, let ABCD a potent angle in one inſtant alf-» 
indivillible be ſo moved, that leaving the former ſpace ABCB 
it poſlefles the next following CDEF, Suppoſe another angle 
or as ſome call it, a Phyſical point GHKI be fo moved: in 
the ſame indiviſlible inſtant, that leaving the former-ſpace G H 
KT it poſlefſes the ſpace LM ON, Surely the former motion is 
a more perfe& motion than the ſecond, and therefore if there 
be required an Impetus to motion, there 1s required a more 
ſtronger to ecffe& the firſt motion than the ſecond : Bur if no 
Impetizs be required, but immediately motion be produced 
from the power, there is required a far ſtronger endeavour ro 
obtain the former than the latter ; Wherefore ro conclude rhe 
greater endeavour ofPower moveth a greater weightthan aleiler 
bur a greater endeavour of power is advanced while *tis moved 
{wifily than while ſlowly, therefore while a power is moved 
ſwiftly, it alſo moves a greater weight. ; 

Alſo the firſt conſequent is plain, to wit, ( while a power 
is moved with a double velocity *tis equivalent to a double 
power ) for ſure it is, while any power adhibits or uſes an en- 
deavour doubly greater, *tis equivalent to two powers each 2d - 
hibitring or uſing an endeavour doubly lefler. So one horſe if 
he endeavours much, may draw a derermined weight, which 
he may draw twice as eaſy, and withour ſo great endeavour,if 
another horſe be joined with him to aſſiſt, Wherefore if it be 


moved 
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moved more {ſwiftly it will be equivalent in order to move a 

weight of a greater force, :lthough ſomrimes the weight doth 

not increaſe its motion , for 1 the motion of the power be in- 

creaſed,the motion of the weight 1s equally increaft. A power 

moved more {witt will indeed be equivalent to a greater, but 

all that perfe&tion which happens to it from motion relates to 

the making the motion of the weight greater, for a weight of 
a.creater motion refiſteth more, therefore in motion theſe rwo 

are always taken for the fame, ro wit, to move a greater 

weight to a leſs ſpace, and a lefs weight to a greater ſpace; 

for as to move a greater weight a greater endeavour is required, 

fo tro move a weight to a greater {pace, a greater endeavour is 

alſo required, The whole aartztice of Engins. then contiſts in 

comparing the greater motion of the Power with the Icfler 

motion of the weight, and according to the proportion of ex- 

ce(s the Force of the Powers are increaft ; becauſe powers in- 

creaſe not their force bur by motion, and therefore motion 

doubly {wifter, produces Imperys doubly greater, 


FADES IV 


Moveable bodies are coual Ti. force whoſe: Maentudes. 


and Vetacities arc reciprocal. 


T 1s certain; that the ſame body moved with unequal ſwitt-. 
neſs, will have unequal force; alfo a greater body moved 
with the ſame {wiftneſs asa lefier, will have greater force ; and: 
we ſee likewiſe in Engins that weights may be fo diſpoſed 
from one place to another, that the motion which is made from 
one hath the ſame proportion to the motion of another ; and. 
alſo that weight to weight is. made reciprocally in Equilibro, 
{o that the double celerity or ſwiftnels ot one pound, will be 
equivalent to the Subduple celerity of two pounds ; We may 
alto transfer the ſame principle to other moveable bodies, al-- 
though they are ar liberty, that is nor being difpoſed in any 
Engin : For it hath not kfs force when it is free «1d looted: 
fxDn2 Machines Or Engines than when it 1s tatlncd to fome Body, 
W3Z1 
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bur 1 pound with the velocity as 2, is equivalent to 2 pourds 
having the velocity as one : Therctore alſo without an Engin, a 
moveable body as 1 with a velocity as 2, will eflcct the fame as 
a moveable body as two with a velocity as 1. The reaſon is, 
becaufe the motion or degree of velocity is the ſame in both, in 
2 greater body they are fewer in cach pair; in a leller more. 
Neither is there any other realon, why while they are joincd 
in Engtns they are of cqual force,and one extenſion compenſates 
another, and withour an Ezgir the ſame will nor happen. 

Wherfore the moments or forces of. equal bodics, or the 
parts moved are to one another, as their velocities ; and equal 
velocity, as the magnitude of bodies; for-commonly, moment 
and force, and parts moved, f1grifie the fame, except ſometimes 
moment likewiſe is attributed ro bodies 2t reft, which have 
notwithſtanding an aputude to motion, whercfore what we 
ſhall ſay concerning moments may be faid of forces. 

If 2 unequal moved bodics be compared, their force or 
moved parts will be in proportion compounded of the propor- 
tions of the bodies, and of their velocities, becauſe every part 
of a body is ſuppoſed ro be moved with the fame velocity, 
or degree of force ; whence it happens, if the motion of one 
body be communicated to another equally,the velocity will be 
equal, if the velocities of the greater and the magnitudes of 
the bodies be reciprocal. | 

Whence we conclude,if a moved body runs againſt another 
body at reſt all rcilexjon being excluded, to wit, if each body 
be ſoir, they proceed togerher, and the velocity of rhe former 
will be to the velocity of the aggregate of the whole, as the 
whole aggregate to the firſt movent reciprocally; For ſince in 
the former there are ſo many degrees or parts 6f motion, and 
cach of its parts are diſtributed in the aggregate ; to get the 
velocity of the firſt movent, the quantity of motion which 15 
always the ſame muſt be divided by the number of parts of the 
agercgaic; Therefore the fame number of parts of morion is 
generated from the aggregxe ; in its velocity, as from the firſt 
moventr in its velocity. Therefore if you difpole the aggie- 
gate, the firſt movent, the velocity of the firſt movent, and 
the velocity of the aggregate, ſince the rectangle of the fir} 
and the laſt is cqual to the rectangle made of the 2 means ; 
{o will the. aggregate be to the firſt movent, as the velocity of 
the firſt movent to the velocity of the aggregate. 

we 
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We muſt reaſon after the ſame manner in other caſes which 
may happen; as if there be two equal movents)or bodies mov- 
ed) which are born in the ſamepart,one hath the-velocity as 4., 
the other as 8, and the more Swift incurs or meets in the lefs 
Swift; I ſay after the meeting, the velocity of the Aggregate 
isas 6 ; for ſince the Bodies are equal, the parts moved will 
be as the velocities_8 and 4; wherefore the motion in them 
will be as 12: but after the meeting the parts moved ought 
to be the ſame ſo many, therefore the motion in the whole 
aggregate will be as 12, and in each body as 6; therefore the 
velocity of the leaſt, before their meeting was 4. and after- 
wards 6; and of the greater 8 and after mecting bur 6. 

Thirdly, if two equal bodies with equal velocicies meet each 
other, excluding all reflexion, they will reſt, becauſe theſe 
velocities meeting one another, deſtroy each other, as when 
you put contrary qualities in the ſame Subje&t. 

Fourthly, if 2 unequal bodies, ſuppoſe 2 globes one of one 
pound weight and the other of 2 pound, mcet each other di. 
realy with equal velocities, ſuppoſe as 4, the Aggregate fol- 
lows the direCtion of the greater, and the velocity will be as 
xr <, for the quantity of: motion in the greater is as 8, in the 
leſſer as 4, While they meet each other tne motion of the lefs as 
4 detratts ſo much from the greater, therefore the quantity 
of motion remaining is as 4, to be divided by 3 pounds, there 
will be in each pound, one degree and +. 

 Fifthly, if two equal bodies with unequal velocities meer 
each: other, ſuppoſe one hath velocity as 2 the other as 4; after 
meeting, .Secluding refle&tion, the quantity of motion remain- 
ing will be as 2, each being divided, and therefore the aggre- 
gate will be moved as 1. 

Sixthly,Suppoſe rwo unequal bodies one whereof is one pound, 
andis moved witha velocity as-3: and the other 15 2 pound, and 
hath a velocity as 4 ; the quantity of motion in the firſt is 3, In 
the ſecond 40, for when they meet, the lefler quantity deſtroys 
ſo many degrees of t'other as it cont-ins it ſelf, therefore, there 
remains 7 to be divided by 3 pound : Wherefore in the whole 
aggregate there will be 2 degrees and + of velocity. 

Fig. 15, If 2 unequal Bodies be placed in two equal 
Branches or Arms of a Beam ( as a pair of Scales) I fay the 
velocity of the greater only will be to the velocity of the aggre- 
gate, as the aggregate ro the greater weight. Suppoſe a 

E weight 
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weight of two pounds, which if ir be moved alone from A in 
B with a.velocity as 4. Pur on the other part a moveable body 
as 1,which ſuppoſe to- move downwards with the {ame velocity : 
And theſe weights being compared as two meeting each othey 
with equal velocity, wherefore ſince the quantity of motion 
in the greater is 8 degrees, and in the ſecond 4, and. ſuppoſing 
them contrary: to. each other ; the motion 1n the aggiegare 
remaining is as 4. tO be divided: by 33 the velocity therefore in 
cach will. be as 1 5. 

If there ſhould. be 2 equal Pendulums placed in two unequal 
Branches, the manner of reaſoning will be the ſame. Suppoſe 
then the weights A and C to be equal, but the diſtance AD to 


be double the diſtance D C; in fuch diſpoſition the velocity of 


the weight A will be double the velocity of the weight C, 
wherefore the quantity of motion in A will be double: Sup. 
poſe the motion in A as 8, in Cas 4, which motion fince 'tis 
contrary deftroys from the motion of the weight A, 4 parts, 
therefore there 'remains 4 parts to: be divided; fo that. that. of 
the weight A have 2 parts, and that of the weight C, r: parr, 
Therefore there are in A 2 parts. and: +; and.in C x part and +. 
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Concerning the Proportzon of weights, on the ends of the. 


Arms of a. Ballance, Varuuſly placed from the 
Horizontal.4ine.. 


Erg. 1 x proportiun of a weight in C'to the fame weight 

in F, will be as the whole Arm BC, to-its part 
8 u, being placed between the Centre and the line of: inclina- 
won F u NM, which the weighs freely. makes from the extream F 
:OWwards the Centre of the world. For the better underſtand- 
Wy whercof, {uppoſe. on the other Arm of the ballance B D, 
and. in the extream D, a. weight placed. being lefs in weight 
man C, as.B u part: of BC which is leſs than B D, It is clear 
tom the 6 Propoſition of the 1 book: of Archimedes of weights, 
that if 1n.the point.u you place the ſame. weight C, the. bal- 
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lance will little or nothing be moved from the Horizontal poſi- 
tior.. Bur if the weight F equal ro C be placed in the extream 
F of the arm BF; it is the ſame as if it be placed in « of the 
Horizontal line Bs: To the better underſtanding whereof, 
Imagin a perpendicular thred F «, and in its Extream #&. the 
weight to hang Wwhica was at P, whence it clearly appears that 
it begets the ſame effect as when it was in F; which as I ſaid but 
now remaining fixt in the point « of the arm B «, it is fo much 
tighter than when it was in C, as « B is leſs than B C. Ifay the 
ſame,if the arm be poſlited in e B, which we may eaſily try if we 
hang thred from « of the armB C perpendicular to e,in which ex- 
tream hang a weight equal to the weight C and ar liberty from 
e of the Arm Be, whence the ballance will remain Horiz,-»ta!. 
Bur if the arm Be be joyned in {ſuch fire with the Hrizorra! 
BD, and the weight C be hung in e freely from a thred, ir 
will neither aſcend nor deſcend, which is only becauſe ir is 
hung by a thred which hangs as much from #«, as that which is 
hanged: freely from e of the arm Be; and this proceeds from 
his, becauſe it partly hangs from the Centre B : And if thc 
Arm or Beam ſhould be in the fire B Q, the whole weight 
would remain hung in the Centre B, even as in the fite BA 
the whole preſles to the faid Centre. Whence it comes to pats, 
' that in this manner a weight is more or leſs heavy, by how 
much *tis hung Farther from or nearer to the Gentre ; and this 
is the only Cauſe whereby one and the fame weight in one, and 
the ſame mean becomes heavier or lighter. And although 1 call 
the fide BC Horizontal, (uppoling it to make a right angle 
with CO, whence the angle CBQ becomes leſs than a right 
angle, by the quantity of an angle equal to that which is made 
by C O and BY in the Centre of the Elementary region, yet 
this hinders nothing fince the ſaid angle. is bur of infenſible 
Magnitude : From the ſame reaſons we may conclude, that if 
the point u be equally in the middle between the Centre B 
and the extream C ; the weight F or M will hang or incline 
according to the halt of the ſaid Centre B: And if the ſaid u be 
nearer to B than to the point C, it will hang from it or incline 
tO1t more than the half; and if more towards C, it will bc 
leſs than half. 


k 2 Prove; 


PROPOS. VILE 


How to know what quantzty any weight or moving power 
hath in reſpet# to another quantity, by Perpendiculars 
drawn from the Centre of the Ballance or beam to 
the line of Inclunation, 


Fig. [7-JiRon what has bin ſaid *tis eaſy to. underſtand, that 
| the quantity B u which is almoſt perpendicular from 

the centre B in the 16 Fig. to the line of Inclination F #, is 
that which hath led us into the knowledge of the quantity of 
the force of F in this ſite or poſition, to wit, the line F u mak- 
inz with the arm F B an acute avgle B F «: Nevertheleſs for the 
berter underſtanding whereof we will imagin in Fig. 17. the 
beam 6b o a fixt in the Centre o at whoſe ends. or: extreams 
there is fixt or hung two weights, or two moving powers Or 
forces e and c, yet lo that the line of inclination e that is be 
make a right angle with ob in the point b; and. the line of 
inclination c that is ac makes an acute angle or an Obrule 
with 04 in the point a.. Imagin then the line ot perpendicg- 
lar to the line of inclination c a, whence o 7: will: be leſs than 
oa by the 18 Prop of 1 EI. of Euclid: Moreover imagine o 8 
to be cut in the point i, fo that 0 # be equal to » x, and in the 
point # hang a weight equal to c, whole inclination make it a 
tine parallel.ro the line of Inclination of the weight e, ſuppo- 
fing nevertheleſs the weight or power. c to be greater than ein. 
{\uch proportion as b o is greater than ot; without doubt by the- 
6th. Prop. of the 1ſt. Book of Archimedes de equiponderantibns, b 08 
will nor be moved from its ſite, but if in ſtead of o / we imagine 
o t made one with ob, agd the power attracted by the line zc:. 
c in like manner alſo will rouch as boz according to- 
common reaſon the- ſite is not moved:; therefore that which 
vas propalſed is done, alſo, hence we may. eafily note, how 
much vigor and force of weight or power «c at a right angle 
with o aloſes, drawing lefs: Hence alſo follows this Corolary, 
that by how much nearct the centre. o of the ballance is ro the 
CENLIE: 
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centre of the elenienitary region, by ſo much'talſo' it will/be 
lighter. TT 


- PROPO'S. VII. 


| X 4 7 | g#* (<. , 
From the two laſt Propoſitions all the cauſes of Ballances 
and Leavers depend; Fig. 18: 


5 + force of any arm of a ballance or: Leaver that is long, 
is greater than a ſhorter,from the Preceeding propoſitions, 
that is, a weight placed on the end of the greater or longer 
arm, preſſes or. endeavours more as it hangs more or lefs from 
the Centre... .. _ 

Wherefore Ballances or Leavers are, not purely Mathematick 
lines, bur natural, and hence bodies exiſt conjoined with matter ; 
now lets imagin # - tobe aſuperficies which according to lengch 
cuts the Axis of a Ballance; and we will ſuppoſe its Cemre 
firſt in 7, and the greater arm to be 7, and the lefler i», and 
the Vertical line 7 o, which let be fo much as is the thickneſs. 
of the Ballance from: the upper tothe lower ſide ; for the better 
underſtanding whercof ſuppoſe n 5 a Parallelogram, and pur 
two equal' weights on the ends of the arms, experience teaches 
that the weight at «s, is of more force than the weight at »x, 
and we would know the cauſe of this effe&. | 

We have already faid that Ballances or Eeevers are of matter, 


and » s the medium of its ſuperficies, ſuppoſe now # to be the 


Centre, which ftaies the ſaid Ballance or Leawver; let « s and: 
2x be the lines of. inclination of the weights, and' we will im- 
agin that the ſaid weights hang from the points « and », as 
indeed they do, although they ſhould hang from: 5 and x, be- 
catiſe the point '# and the point » are ſo conjoined with s and: 
x, that he that draws one, draws the other alſo: Likewiſe 
we'el 1inagin the two lines 7 «, 3», and ie which ie makes. 
the angle oz eequal to the angle oi»; Hence it appears clearly. 
it we hangthe weight « (which is equal ro the weight » ) at e, 
that hath plainly the ſame force as the weight » hath, and 
the Beam or Ballance Will. neither move up nor down, Deals 

Oth. 
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both weights equally'lean to the centre i, by the middle lines e 5 
and z j, but the ſaid weight being placed in «, the lines ; by 
which the weight preſſes tro the Centre, 1s more Horizontal 
than e 7, and the line of inclination « s is more diſtant from 
the Centre i than the line et; whence the weight in this man- 
ner being allo more free trom the Centre 7, refults and is more 
ponderous than when it was in«e, for the reaſons mentioned 
in the two precedent propoſitiong, and for this cauſe weighs 
up the weight placed in ». But iB.the Centre were in o and 
we imagin two lines os and o x, *and ſuppoſe the weights 
placed in s and x, whence the line o 5 will be more Horizontal 
than the line o x, and the line of inclination « s will be more 
diſtant from the centre o than the line e f, its weight will alfo 
be heavier, becauſe ir hangs ſo much farther from the Centre 
o, and by reaſoning as aforeſaid we find the ſame effect ro be 
crue : In Ballances rightly and properly fo called x 7 s or » o « 
may be Horizontal, but in all kinds of Leavers this only is ſaid 
by a certain ſimilitude; we may contemplate the ſame by 
ſuppoſing the Centre in the midle between o and 5, which any 
one may eaſily do of himſelf without any other help. 


Mechanick 


Mechanick-Powers. 


OR, THE 


Definitions of the Leaver. 
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ih Leaver 8. commonly. a piece of. a- Fir-pole,. or other 

A Timber, about 6 feet in length, which we uſe either 

to, raiſe. or move heavy bodies, ſuch as Timber or 

Stone, or any body of metal,or fuch like; wherein three points. 

' are aſſigned, firſt the power of. the movent 21y; Of the weight 

«+4 to be moved; 3ly, The prop, to which the Leaver is. 

':] anhext, as t9a Centre, deſcribing two arches with a double- 
> monion.. 

2, Hence becauſe.theſe 3 points may. be diſpoſed three ways 
in this length, they produce 3. kinds. of Leavers. Firſt a Leaver 
of the firft kind is that. wherein the prop poſleſles the 

middle place, and the power and the weight poſleſs the. rwo 
ends,or extreams of the Leaver, as if the Power-be inA, the. Prop 
if B, and the weight in C. 

Fig. 19. A Leaver of the ſecond. kind is that.wherein the 
wot Is placed in the midle, and the power and rheP>op. at.the - 
ends. 

A Leaver. of, the third kind, hath the power placed in the 
midle and the weight and the. Prop atthe two ends. 

Before I enter on the Propoſitions, I ſhall premiſe ſome things. 

worthy our animadyertion... | 


Fig. . 


4 
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Fig. 20. Suppoſe the Leever to be os, u, x, Whoſe Prop ( gr 
Hypomeclion )'is inthe point s, and the weight”in the point z, 


”*ris Clear that when you would raiſe-it, it behoves alfo "by the 
help of the hands to raiſe «; now we mult conſider how the 


weight » endeavours towards », and for this Cauſe we will im- 


-agin the right lines's 0, 94, ne, 2t, and 2s, Of which = 7, is 


placed towards the Centre of the world, and » t makes an 
angle i» r.equal to the angle io: Now placing ſome power 
in : having equal inclination to the upper, as » has to the lower 
( ſerting ahde the Sou of the Leaver ) this power { ac- 
cording to+ Co.NmonN reaton ) will ſuſtain the- whole weight 
of the ſaid », and if the weight » were in » direCaly over o, 
the whole weight would be upon the Prop, and {o much force 


"Or power of the'Prop will {uffice” ro reſiſt for ſuſtaining, 'AS Is 


the gravity of the weight; bur putting 1t again in » 'tis clear 
that if another power be not oppoled from the neither to the 
upper'part of the Leaver, the Prop notwithſtanding being ex- 
cepted, it will bchove the power of fome part of the weight = 
(withour conſideration as a oreſaid of the weight of the Leaver*s 
matter or ſubſtance ) that the Leaver be deprefled from the;parr, 
s; #, arid fome' one part-of the weight », becauſe other part of 
the ſame weight endeavours it felt to the. Prop 0, by means of 
the line o:which miakes not rightangles with.o x. But if from 
the point t this, kind of reſiſtance oppoſe it ſelf that the Leaver 
be not depreſſed or born down,'tis clear by common ſence thar 
the power of*the weight » is divided equally in the middle, 
whole moiety oyero reſteth,as-alſo rhe other over z being'in-the 
middle- of the two lines 2 0 and »t. Now imagin the refiſtance 
t tO be taken away and placed in «, ir is clear. alſo that the 
greater part of the weight » forces or endeavours to e by help 
of the line » e.,rnore than to's; ſince the line of inclination, » 7, 1s 
nearer to e than o : Becauſe all reſiſtance either in z or in e, or 
in t or in # is-inſtead ofa centre as well 'as ov, and the work of 


one helps: tother ; 'But if the ſame reſiſtance be placed in », - 'ris 


clear alſo that a leſſer part of the weight », endeavours tO #« 
than to 0; ſince the Taid » 7 is farther diſtant [from the centre 
::, than from the Centre o, and the proportion of the part of 
the weight » in o, to the proportion, of the part of the weight 
1 in # will nor be according to the proportion of the angles « 
23 and oj, but according to the proportion of ## tO # 0, 
which may clearly be comprehended by the converſe op 

cltect, 
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effeR, that is even, as now we have ſuppoſed o and « to be rwo 
Centres that ſuſtain the weight e of »; alſo imagin = to be a 
certain Centre from whence hang rwo weights o and «, fs 
proportioned to each other, that "T and 7o are the certain 
cauſes of the. ballance of theſe weights o 5, which we call 4 
Leaver or Beam inclined on no part: Bur returning to the pro- 
poſitior, we ſay, Thar the weight of » endeavoring lefs to « 
than to o, thar is to 7, there needs leſs force in « than in * ro 
raiſe the weight »; and ſo by conſequence, the fartber rhe 
point « is from 7, the leſſer force is required, and conſequently 
when the force or reſiſtance in « is ſo proportioned ro that 
which is in o, as iS 04 tO i « the Leaver or Beam Will not be 
moved: But when there is a greater proportion of the reſiſtance 
of « to that which is of o, than of thar of oz to 7s, then the 
part # s of the Leaver or Beam will be elevated: Bur if the 
proportion be leſſer than o z, to z «, than the Beam or Leaver will 
be depreſſed on the ſame part. 


In —_ ——_——C—_— _—_ — — 
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Of Augmenting Foxce or Power. 


Fig. ws ſome places Bakers uſe a certain inſtrument for 
kneading their Paſt, which is perform'd by one 
man only, which in{trument ſeems worth our raking notice of, 
and *tis thus: Imagine the plain in which he fers who kneads 
the Paſt, and in which the Paſt is laid to be T'S D, and the tri- 
angle T A $ fixed, and perpendicular to the ſuperficies of the 
$aid plain ; and.in the Angle A joyn a piece of Wood or Lea- 
ver A E as a moveable ſemidiameter and equal ro the Perpen- 
dicular of the Triangle, whence A will be the place of the cen- 
tre, and D O will be the ſemidiamerer which kneads the Pait, 
and from its end O ( which O when DO is Horizontal is 
found in the baſe of the ſaid Triangle) comes the piecc of 
wood O V, which with A V is equal to the perpendicular im- 
agined from the angle A of the baſe T S piaying too and fro 
in O and V, that the ſemidiameter D O ray be raiſed and &c- 
preſſed. And VO isequal ro A V, and V is in the middle be- 
eween A and E, whence A V with © V are equal to AE; 
moreover there are two picces of wood perpendicular from 


A 
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A, and fixt to the baſe and immovable; and ſo far diſtant from 
one another, that between them O V- and-D O may paſs above 
and beneath, and not depart from the ſemidiameter DO. In 
the end of. E there muſt he a ſmall piece of Wood ar right An- 
gles with AE, which is held by the hands of ſome body which 
ſtands on the foreſaid Machine, which man with that. wood 
that is, the ſemidiametre A E drawing it to himſelf from the 
{ſuperficics of the ſaid Triangle, and then thruſting it towards 
the ſame Triangle, he excites the ſemidiameter D O upon the 
Paſt with a great force. | 

In imication whereof: I have ſubcribed Fig: 22. b 2 wu x, in 
which we may imagine « reſembles A in the 21 Fig. and a de- 
notes O, and o V, andxE: we may alfo imagine « a to te 
the baſe of the Triangle @ # 0, to which o z the perpendicular 
of the ſaid baſe add « a; hitherto then # o will be equal to © 
x, and tO 0 a, we may imagine alio.a o ſo-produccd to b, that 
e b be equal to o a. Allo nds a weight in a, to fo:ce to- 
wards «, whence the line of its inclination will be always  « ; 


4 J 
ſuppoſe alſo 20 b to be a Beam or Leaver, and 0 its Centre, 


whence the force or power of 2 will be proportioral to o z,with 


reſpect to the force or power imagined in 6, the inclination of 
the perpendicular b a, which force or power in 6 will be pro- 
portionable to b o by Prop. 7. of this Treatiſe ; therefore if 
vou, ſhould place a certain power in b at a right Angle drawing 
the line b o ſo proportionared to, the power of the perpendicu- 
lir a, as.0 t is proportioned to o b, the Beam bo a will. not be 
moved, bur. any. greater portion in 6 will overcome a: 
And when o x is equal to o b, the ſame will happen according. 
10 common Senfſc, placing the power #5 in x. The quantity 
therefore of the power in x, which ought to overcome the re- 


liſtance in a, which is pur. againſt «, ought to have a little 
greater proportion to reſiſt, which in a makes a right Angk. 


with @ o, than that which is of oz 00x. 
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PROPOS. I. Fig. 19. 
A Theorem. 


THI ins Leaver, the Power be to the weight as the diſtance of each 
from the Prep, reciprecally, it will be in equilibrio, «a the power 
will ſuſtain the weight, but not raiſe it. 

Suppoſe the power A to the weight C, to be as the diſtance 
BCto the diſtance A B; I fay,it willbe in equilibrjo,arnd the power 
will fuſtain the weight'C, bur nor overcome nor raiſe it; but 
to the beiter underſtanding of the Propoſition, ſuppoſe the 
weight C to be 100 pounds, and the power A to be a power 
able ro ſuſtain 25 pounds withour a leaver ; and as the power 
A is equivalent preciſely to a fourth part of the weight, ſo alſo 


the line B C mult be a fourth part of the line A B to make it 


in equilibrio. 

The Demonſtration. The power is increaſed in the ſame pro- 
portion in which its motion is increaſed above the motion 
of the weight; bur in ſuch diſpoſition the motion of the pow- 
er is to the motion of the weight,as 4. to 1 ; for if the lea- 
ver be underſtood tobe raifed in L, ſo that the power deſcribes 
the arch AL, the weight deſcribes the arch K C; bur the arch- 
es are a like, becauſe the angles ABL, CBK are equal; or 
like arches oppoſite to the wertex, are as their Semidiameters, 
towit, as AB toBC, and we ſuppoſe AB to be 4 times as 
much as BC; therefore in ſuch ASticlon (by the firſt prin- 


ciple of this Treatifſe)the power A is quadruplicated,and there- 
tore 1s equivalent to 100, but a power of 100 is in equilibrio 
with a weight of 100; therefore if as the power A to the 
weight C, 1o the diſt>nce CB to the diſtance A B, which is re- 
ciprocal, it will be in equilibrio, which was to be demon- 


ltrated. 


PROPOS. I.. 
A Theorem. 


F the proportiozs of the Power to the weight be greater, than of | 
the diſtance of the weight to the diſtance of the Power frgm the 
Prop, the power will raiſe the weight and cvercome it. 
Fig. 19. Let the proportion of the power A to the weight 
C be greater than of the diſtancej BU to the diſtance AB; 
I ſay, The power A fo diſpoſed will overcome the weight 


Demonſtration. Suppoſe another power which hath the ſame 
proportion to the weight C, as the diſtance BC hath to. the 
diſtance A B, this power will be in equilibro with the weight 
(by the precedent propoſition) but the power A is greater than 
that power (by the 1oth propoſition of 5 Exclid). therefore the 
power A is greater than that which 1s in equilibro with the 
weight C, therefore it will overcome the weight C, and will 
raiſe it ; which was to be demonſtrated. 


PROPOS. UL 


A Theorem. 


Eig. 23. ÞF the proportion of the diſtance of the Power from: the 

Prop, to the diſtance of the weight from the Prop be 

greater than cf the 2eight to the power, te weight will be overcome, 
and raiſed by the Power. | 

Suppoſe: a greater proportion of AB to. BC' than of the- 

weight C.to the power A, I ſay the power will overcome the: 

weoght C. 
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The Demonſtration. Suppoſe another power D equa! to /: 
applied in the point D, fo thar asthe weight C to the puryor 12, 
ſo DB to BC (it will be by the 1oth propoſition of 5 Ercl/. ) 
DB leſs than AB, and (by the firſt of this) the power D ap- 
plied in the point D will be in equilibro with the weight GC: 
Bur the power A equal ro D if 1t be applied in the point A, 
hath greater motion with reſpeC& to the motion of the weight 
- C; therefore by the firſt principle hath greater force than rhe 
power D which is in equilibro with the weight C, wheretore 
that will overcome ard raiſe it; which was to be demon- 
ſtrated, 


EFROYTUS IV. 


A Theorem. Fre. 23. 


F the propirtion of the weight to the Power be greater than the 
diſtance of the power to the diſtance of the weight, or if the pro- 
portion of the diſt ance of the weight to the diſtance of the Power be 
greater than of the power to the weight, the power will neither clevate 
nor ſuſtain the weight. 

Firſt, Let the proportion of the weight C to the power A 
be greater than of thediſtance A BroBC; I ſay the power A is 
(© little to make an equilibro with the weight C ; For 11ppoſe 
the power E to which the weight C hath the ſame proportion 
as AB to BC, and conſequently the proportion of the weight 
© to the power E will be lefs chan of the ſame weight C tothe 
power A, and (by the 1oth of 5 Euclid.) the power E is greater 
than the power A, but (by the firſt of this) che power E ap- 

lied m the point A is in equilibro with the weight C, there- 
_ fore the power A is too little to be in equ/itrio with the weight 
C; therefore can neither raiſe nor ſuſtain it. 

Secondly, Suppoſe the proportion of the diſtance BC to the 
diſtance AB to be OT than of the power A to the weight 
C; I fay, The viStory will be in the power of the weight C, 
for ſuppoſe the power E to be as BC to AB, {oE to C, and 
the proportion of the power E to the weight C, will be g:--cer 
than of the power A to the ſame weighaC, and , iy Ui vis of 

5 Encli.! 
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5 Euclid.) the power of E will be greater than of A; but'(by 
the firit of this) the power E applicd in the point A is in equil;- 
brio with the weight C; therefore the power A is leſs than 
that which is applied in the ſame point of the Leaver, in equi- 
librio with the weight C, therefore the power A cannot ſul. 
tain the weight C; which was to be demonſtrated 

Although in the Figure I have only put a leaver of the firſt 
kind, theſe proportions agree equally with the 3 kinds of Lea- 
vers, fince in each kind as well the powers as the weights de- 
{crite Circles. 


FRUTFOS VV; 
A Theorem. 


Power is equivelent to ſo many powers equal to it ſelf in force, 
as its diſtance froin the Prop contains the diſtance of the weight 
from the ſame. 8 
Fig. 24. Suppoſe any power A fit to ſuſtain without a Lea- 
ver, a weight of 100 pounds, fo diſpoſed in the Leaver thar 
the diſtance of A from the Prop contains four times the di- 
ſtance B C of the weight from the ſame Prop or Centre ; I 
ſay the ſame power in the point A is equivalent ro 4 powers 
equal to it ſelf in force, and fo can ſuſtain in this diſpotition of 
the Machine or Engin, a weight of 400 pounds. 
The Demonſtration. AS many times as the diſtance AB con- 
tains the diſtance BC, ſo many times the motion of the power 
contains the motion of the weight, but (by the firſt principle 


of Machines) how much the motion of the power increaſes 


above tne motion of the weight, it hath ſo much the more 
{trengrh or force, therefore according to the proportion of A B 


to BC, the force of the power will be increaſt ; bur by ſup-. 


poſition AB is fourtimes as much as B C, therefore the power 
applied 1n the point A 1s equivalent to 4 powers equal to it 
ſelf in vertue or force. | 

Or the power A equal to 100 pounds, will be equivalent to 
4 powers equal to it ſelf in vertue, if it ſuſtains 400 pounds; 
and it can ſuſtain them (by the firſt of this) it ir be as the 
power 
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zower A to the weight of ' 400 pounds, fo the diltance BC ty 
the diſtance A B, which plainly appears. 
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The Power being placed the ſame diſtance from the Prop, and the 
weight being placed nearer to the Prop encreaſes the force of the Power. 
Fig, 24 | | CD let the weight C be diſtance from the 
Prop B the diſtance of BC, and let the power 
be in A; I fay if the power be always in the point A, and the 
weight be removed from the Prop B, ſuppoſe to the point E, 
thar by. how much the lefler BE is, by fo much the greater 
will the force of the power be, in order to fuſtain or raife the 
weight placed'in E ; Thar is if the power applied in the point 
A can ſuſtain or ſupport a weight of 400 pounds placed in the 
point C; I fay, If the weight C beremoved from the Prop and 
placed in the point E; It will be as BE to BC ſothe weight of 
400 pounds to that which the power A can ſuſtain. 

The Demonſtration. For let it be as BE t0BD fo the weight 
Cto the weight F; I fay the weight F placed in the point E will 
be in equilibrio with the power A, for when 'tis as the power A 
to the weight C, fo the diſtance B C to the diſtance AB; as 
alſo BE to BC, ſo the weight C to the weight F; There- 
fore from diſorder'd equality (by 23 of 5 Euclid) the power 
A will be to the weight F as the diſtance BE to the diſtance 
AB, then (by the firſt of this) A and. F will be in equilibris 


which\was co be demonſtrated, 


_ 


Corollary. b= © 


Fig. 25. From” this Propoſition arrives” feveral practifes 
which naturally or experimentally Workmen make uſe of for 
moving of weights, or overcoming the reſiſtance of any bodies ; 
And neither is this DoCtrine only uſeful in raifing and re- 
moving of heavy bodies, bur alſo in curting off bodies and. 
parting them from each other, and overcoming any reliſtance, 
which I ſhall only ſhew in brief, thar it may be turned from - 
them to other matters. 

Firſt in digging Stones ont of Qarries; they often uſe a Leaver 


or, Croe. of Iron, ard when the Stone reliſts much, either by 
reaſon }. 
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reaſon of its greatneſs, or becauſe it will not eaſily be ſeperareg 
from the other to which it adhears, they remove the Prop as 
near to the weight as may be, that ſo they may move ir the 
eaſier, and for the Prop they commonly make uſe of a Stone ; 
or ſometimes two Stones, as if the Stone EF were to be Part- 
ed from the Stone D E, if DE be firm,the Prop will be in the 
point C, and the weight in B, and it will be a Leaver of the 
{eccond kind and then the diſtance of the power will be the 
line AC, the diſtance of the weight will be BC; then as many 
times as BC is in AC, ſo many powers equal to it ſelf will the 
power placed in the point A be equivalent to. 

Bur it the weight B be ſo drawn back from the body C E 
which the proportion of the Prop hath, that the diſtance CB 
be made greater, there may be put between thoſe two bodies, 
ſome hard body, that ſo the diſtance C B may be leflened, and 
the force of the power more and more increaſed. 

Fig. 26. In like manner. when a Nail is to be drawn with 
a Bammer, by how much the Nail (which obtains the force 
of a weight) is nearer the Prop C, the eater it 1s drawn forth ; 
whence when the Nail is drawn out a httle way, fo that the 
end of the Hammer C cannot reſt on the Board or Timber 
that the Nail is in, we are wont to put another body between, 
that the diftance may be leſs. | 

Fig. 27. In like manner in Pinchers is a double Leaver of 
the firſt kind, one whereof is the Prop, to wit, the Nail or 
River B, about which each part is turned, and by how much 
lefler the diſtance BD is, and the diſtance AB or B C the 
greater, ſo much the more it ftrains. _ 

Fig. 28. The ſame may be ſaid of Shears, wherein this 
may be noted, The more they are opened the caſter they 0- 
perate; becauſe that when they are more opened the body 
to be Cut, is nearer the Prop B;z Example, Suppoſe it in D, bur 
when they are ſhut farcher, that which is to be cut, ſuppoſe 
itto be in the point E; whence the proportion of the diſtance 
of the weight from the Prop is greater than the diſtance of the 
power f.om the ſame Prop or Centre; moreover the longer 
the Arms AB, CB are, the more the force of the power 1s 
encreati, and thus we ſee Workmens long Shears cuts any kind 
of Mettal; many other Inſtruments we might mention, which 
this principle cafily diſcovers. 


When 


00k ll 


leperas 
0 Prop A 
OVe tity 
be 
0 
beink 
Yer 0f the 
All be 0 
N 25min 
al Will th 


d0dy (7 
ance C 
0 bodis 
lened, and 


wn Wit 
6 the fort 
zwa fonh; 
ſo that t& 
or Timbe 
y beter! 


> Leaver 0 
e Nall 
how mic 
wr BC i 


herein 1 
er theft 
1 the bw 
it in Df 


Book IT. 


Mechanick Powers. 41 

When we open a Lock with a Key, if it opens hazd, we 
put a Stick into the rivg of the Key and turn the Key with ir, 
for by ſo doing we make ule of a longer Leaver, than when 
we turn the Key with our hand upon 1t. | 

When we open Gates or Doors, it we lay hold of them 
farther from the Hinges, they open eaſter than when we lay 
hold on them nearer to the hinges. 

Alſo from this we may give 4 reaſon why a long Staff or 
Pike weighs more if it be lifred up by one end, than if nearer 
the middle ; as alſo why a long Stick, or Staff; or piece of 
Timber. is bowed or broke with more- eaſe than a ſhorter. 

Hence likewiſe a reaſon may be rendred, Why in Mills ſome 
teeth are made ſtronger and nearer together than others, viz. 
the foremeſt ; many things we may run through which may 
be reduced to the Leaver ; as in Navigation, the governing or 
Steering a Vellel, rowing with Oars, &c. 


PROPOS. VIL 
A Problem. 


To move any weight with any Power by a Leaver of 
the firſk and ſecond kind. 


Fig. 29. | Bars there be given any weight B, and a power 
A, how little ſoever ; I fay the weight B may 
be moved by the power A, with a Leaver of the firſt or ſecond 
Kind ; for ſince the weight B is not infinite, it will have ſome 
proportion to the power, therefore divide the Leaver CD, 
and make it, as the weight B to the power A: $So the line 
CE tothe line ED; ſuppoſe the Prop in the point E, and the 
weight applied in the point D, and the power A in the point 
C; 1 fay it will be in equilibrio. 
The Demonſtration. For ſince the power A is to the weight 
B, as the diſtance ED, to wit, of the weight from the Prop, 
to the diſtance CE; to wit, of the power from the Prop (by 


the 
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the firſt of -this) it will be in equilibrio, but if the Prop be 
moved never o little to the weight, the power will overcome 
the weight and raiſe it. | | 

We will do the ſame by a Leaver. of the ſecond kind, for 
make it, as B to A, fo FH the length of the whole Leaver 
to: GH, and let the Prop be at the end as at H, the power at the 
other end at F, and the weight in the point G, as yet (by the 
firſt of: this) it will be in equilibro ; bur if the weight be moved 
never ſo- little to the Prop, the power will raiſe the weight, 
and overcome It. | | 

But a Leaver of the third kind, we cannot uſe to effe& the 
fame thing, for when the weight is placed at one end, and the 
Prop at the other, the power which poſleſles the middle place : 
will always be leſs diſtant from the Prop, than the weight 
will; and. is ſo far from helping: the Machine to encreafe the 
force of the power, that it hinders it, and the weight from: 
ſuch difpofition of the Machine increaſes its reſiſtance ; for 
generally ſpeaking,. as, often. .as the diſpoſition. of the Machine 
increaſes the force of the power ; ſo often, if the power and 
the weight change places, the force of the power is abared, 
and ſo much the refitance of the weight encreaſed. 

And this is Archimedes's great Problem, Thar he would: 
move the whole Globe of the Earth,. if he could find but a 
place to fix a Prop upon, which in Speculation is true, but in 
practice impoſſible ; tor who can practically divide the length. 
of a Leaver into. any: proportion, eſpecially, it for Example, 
The Hundredth Thouſand part of a Line were required, for it: 
would: make the diſtance of the weight ſo ſmall from tHe Prop, 
that the ſear of the Prop would be impoſlible to be diſtinguithr. 
from. the Giſtanze of the weight... | 
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PROPOS. VIII. 
| A Problem. 


To goes wereht ſo on a Leaver, that no fnite power, 
) 


ow great ſoever, can overcome tt. 


Fig. 30. | (gs! the weight A be never ſo little, and any 

power B equivalent to it, I fay theſe may be fo 
placed, that the power B, whatever ic be, will be unable to 
raiſe the ſaid weight. For ſuppoſe, as the power B to the 
weight A, ſo the diſtance K L' ro the diſtance L M, and the 
power B in the point K, and the weight A placed in M by 
(che- firſt of this) it will be in equilibro ; whence if the Prop L 
be removed never fo little ro the power conſiſting in K, it will 
be unable to raiſe the weight; alſo a Leaver given ſuppoſing 
the Prop thus, we may divide it, that a power being placed ar 
one end, ſhall not raiſe the other end of the Leaver ; viz. If 
we divide the Leaver KM, ſuppoſing the Prop L very nigh 
the. power in the point K, it will come to pals that the power, 


though very heavy, will not raiſe the other part of the 
Leaver L M. | 
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PROPOS. IX 
A Theorem. 


Fig. 1/ Hen the Centre of gravity of a weight is in ihe !(ne 
0 0 Ny of the Leaver, the ſame force is ahvays required 19 
mceve it, whatſcever ſite it obtains, 'ſo that the force move only dwn- 
ward or upward. 


G 2 Thoſe 
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Thoſe things which we have demonſtrated concerning the 
Leaver, in the former Propotitions are more univerſal; nor do 
they ſhew divers Circumftances worthy of Note, which here 
we ought to examine ; And certain it 1s that a living power 
which is often uſed with a Leaver, ſince *ris indifferent ro all 
motion, it will move as well downard as a thwart. But weights. 
which by their own nature gravitate only, reſiſt motion up- 
wards, and therefore their cicular motion is not fo much to 
be conſidered, as their ſimple Perpendicular motion, which, 
that I may handle every one ſeverally, I ſhall expoſe ſeveral 
Caſes. And Firſt, we ſhall take notice*of the power forcing 
only downwards as it were, and ſo a weight may be com- 
pared in divers manners with a Leaver, for either the Centre of 
gravity of the weight, or 2s it were its middle 1s 1n the Leaver, 
and which is the fame, is hanged freely on the Leaver, or it 
is above the Leaver, or beneath the Leaver : In this proportion 
we appoint the Centre of gravity in the Leaver. 

Suppoſe the Centre of gravity of the weight A in the Lea- 
ver; I fay, If the power only force downwards, the fame 
power is required to ſuſtain the weight in whar ſite fo ever 
It 1s. | | 

The Demonſtration, As. well the weight as the power tend 
downwards, wherefore if the cicular motion be conſidered, 
both of the power and the weight, they will be proportionally 
diſtant, or their diſtances will be proportional, ſince like arches 
are proportional ro the Semidiameters of their Circles; or if 
the perpendicular motions G E, CH be confidered, they alfo 
will be proportional, becauſe the Triangles CBH, BGE are 
proportionals ; whence if the power move only downwards, 
the ſame force is required to ſuſtain br move the weight, 
whether, thc Leaver be Heoriz,ontal or. oblique. | 
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Fig. 32. A Power moving equally in every different place, moveth 
a weight more eaſily, whoſe Centre is in an oblique 
beam or leaver, than in an Horizontal one. 

Let the power be A, equally able to move a weight in any 
difference of place, and ler the weight be D, whoſe Centre is 
in the Leaver ; I ſay, If the Leaver be raiſed in F, the power 
will more eaſily move the ſame weight, than if the Leaver 
were Horizontal, as AD. 

The Demonſtration. Weight, or any heavy body, reſiſts only 
motion upwards, therefore a Perpendicular line is its meaſure 
of reſiſtance ; Therefore, Firſt let the weight be moved ac- 
cording to the Arch DE, the refiitance will be the line EH, 
Secondly, let it be moved according to the other Arch equal 
to EF, the reſiſtance will be according to the Perpendicular 
FI; And it is clear, thar the line FI is leſs than the line E H: 
Therefore although the ſame power move through the Arch 
CB, equal to AB, and fo advances the ſame vertue or force 
(according to the firſt principal) you will find leſs retiſtance in 
E than in D, therefore it will move eafter while *the Leaver 
obtains anobliqueſite or poſition,than when it hath an Horizontal ; 


which was to be demonſtrated. 


Corollary. 


Hence it follows, That in an oblique fite a power is in equi- 
libro with a weight, although the proportion of the power to 
the weight be not reciprocally the ſame, which the diſtance of 
the weight is to the diſtance of the power from the Prop; to 
wit, becauſe the motion of the. weight, according to which 


-1ts. reſiſtance endeavours, is not the Arch E F but the Perpen- 


dicular line FI, although the 'motion of the power, accord- 
ing to which it exerciſes its aCtivity ſhouid be by the Arch BC, 
but the Arch BC and the Perpendicular FI are nor proportional 
0 the diſtances KB, KE. 

Nevertheleſs 
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Nevertheleſs in an Horizontal fite D A, becauſe the Perpen- 


dicular Phitically falls in with the Circle DH, the common 
Rules ought to be obſerved. 
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FROVPOS; M1. 
A Theorem. 


FIR 39: ls the Centre Fd a weight be above the Leaver, the 
weight is eaſier raiſed abrve the Horizontal line than 
beneath, from the power only forcing downwards. 

Suppoſe the wejght A, and its Centre above rhe Leaver ; 
ſince the weight always preſles downards according to a Per- 
pendicular line ; in an elevated fite it weighs downwards accord- 
ing to the line TE; and then the true diſtance will be the line 
FE; but in an Horizontal ſite the true diſtance will be BE: 
In a depreſſed fire it will be DE; Tis certain, that DE is 
greater than BE, and this greater than FE, and fo in re- 
ipe&t of the power applied in the Leaver, and only prelling 
downwards, the motion in C will be more difficult than 1 in 
A, andin A thanin T1. | 

Bur whar I have faid is with reſpe& ro the power, its mo- 
ving ſimply downwards ; becauſe if it ſhould move equally, 


or alike in every different place, the proportion of the Doctrine 
delivercd in the 1oth Prop. would enſuc. 
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PROPOS. XI. 
A Theorem. 


Fig. 34. Hen a welela bark 1 its Centre of gravity beneath 
the Leaver in a depreſſed ſite or Poſt tion, leſs force 


is required than in an Horizontal, and greater in an elevated 


{ate. 
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Suppoſing the Proof of the former Propoſition, this ap- 
pears. Clear. enough, neither doth it need any further explica- 


tion, ſince in a depreſſed ſite the Perpendicular cuts off 2 lefſer 


or ſhorter diſtance than in the Horizontal, and in an elevaced 
ſite ir cuts off a greater ; the ſame caution is to be noted. 

But when the weight freely depends on the Leavcr, ir 13 al- 
moſt in the. ſame manner, as it rhe Centre of gravity of the 
weight were found in the Leaver: For always the ſame diſtance 
remains to the Prop or Centre, eſpecially vertually, becauſe the 
weight ſo moved, is as if it truly exifted in that point of the 


| Leaver whereby 'ris hung. 


— 


FROPDD@S, Xu1: 
A Theorem: 


Fig. 35. lh by reaſon of the Figure of the Prop, the point on whicty 
the Leaver reſts be changed, the proportion alſo of the 


force of the Power, 0 the reſiſtance of the weight will be changed. 


The Figure of the Prop. may be various, and it may be ſo. 
made, that in its motion it may bear the force of one or ano-- 
ther point of the Leaver; whence it comes to paſs, that the 
diſtance of both the power and the weight are not the 
ſame ; and fo the whole proportion of the force of the power. 
to:the reſiſtance of the weight is Changed ; as if the Prop. 
ſhould be Sphzrical, and the Leaver in an Horizontal (ite ſhould: 
touch it in the point A, but in an elevared fite it would touch. 
it in the point B; The ſame I fay if the Prop. ſhoald be an: 
oblong. 


P ROPOS.. 
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PROPOS. XIV. 


The motion of a power oblique to the Leaver, ts leſs 
powerful than when right. 


Fig. 36. T* the power be A, which prefles the Leaver ac- 

cording to the oblique line A B ; I ſay this motion 
is leſs powerful or able, than if the ſame force preſt the lea- 
ver according to the perpendicular line A C. 

The Demonſtration, That motion tends not fo much in raiſing 
the weight, as in drawing back the leaver from the Prop, as 
the motion A D forces the leaver againſt the Prop, and con- 
ſequently it rather reſiſts the Prop. than the weight. 


RR JELDS-- AA 
A Theorem. 


A motion ſo preſſmg forward to the weight, that it firces 


2t obliquely to the line, according to which it ſhould 


be moved, is. leſs powerful. 


Fig. 37. J E weight is A, which ſhould only move ac- 

cording to the line AB, and the Leaver whoſe 
Prop is in C, touching the weight in the point D, and forcing 
it according to the line DE; 1 fay, The motion of ſuch weighr 
will be more difficult than if it had been forced according to 
the line A B; for the force of motion according to the line 
D E, as compoſed of a double motion, to wit, as it were of 
a Perpendicular, and of an Horizontal ; 1 fay; as often as tis 
Perpendicular, it refiſts the ſubjected plane, and ſo part 


of that force is uſed in vain, in overcoming this reſiſtance. 
Prop. 
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PROPOS. XVL 
A Theorem. 


A T Hen two Powers conſiſting at the ends of a Leaver, ſuſtain a 
\ weight hung on it, that which is neereſt to the weight ſuſtains 


the greater part of the weight, and that which is further, the leſſer 
part proportionally to the diſtances reciprocally. 

Fig. 38. There are two powers A and B conſiſting at rhe 
ends of the Leaver, and ſuſtaining the ſame weight C; 1 fay, 
the Power A ſuſtains a greater part of the weight than B ; that 
is, if the weight C be 60 poundsand B C the double of A C; 1 
ſay, the power A ſuſtains 45 pounds, of the weight, and the 
power B ſuſtains only 2o pounds : Or that the powers may 
ſuſtain the weight C, the power in B muſt be equal to a 
weight of 2o pounds, and the Power in A equal to 40 
pounds. 

The Demonſtration. The Power A in reſpeC of the Power B 
is as the Prop, therefore: that they may be in equilibro, it ought 
to be as, A C, the diſtance of the weight from the Prop A, ro 
AB the diſtance of the power from the ſame Prop, ſo the 
power B to the weight C reciprocally ( by the firſt of this ) bur 
AC is by ſuppoſition a-third part of the 'line A B, therefore 
there is required in Ba power equal to a third part of the 
weight, to wit,of 20. pounds ; In like manner, becauſe with re- 
ſped? to the power A, as the power B hath by means of the 
Prop, fo. will be the diſtance CB of the weight from the Prop, 
to AB the diſtance of the power from the fame, as the power 
A to the weight C reciprocally, ( by the firſt of this) but CB 
is ſuppoſed to contain two third parts of the whole line A B, 
ha alſo the Power A will be equal to = parts of the 
weight C, to wit, of forty pounds: Which was to be de- 
monſtrated. 


H Corollary 
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Corollary. 1. 


If the weight be precifely in the middle, each power ſuſtains: 
only an half part. 


Corollary. I... 


Both Powers taken together, ought to be equal to. that 
power which can raiſe the weight without a Leaver.. 


Corollary: UI... 


Hence we may. determine whether the Prop be fit to ſuſtain: 
the welgat for it always ro with ſome part of. the weight, . 
eſpecially in Leavers of the.ſecond kind.. 


Corollary. TIV.. 


In a:Leaver of the firſt- kind, the Prop ſuſtains as muchi of” 


the weight as the power, and.its refiſtance ought tobe. equal. 
:0 both taken together. 


Corollary. V.. 


When 2: powers conſiſt at- the ends of a Leaver - ſuſtaining a 
weight placed in the middle, we may ealily determine how 
much of that weight. cach power. bears, to wit, by. dividing. 
the whole weight according to the proportion, which the. 
powers have with the weight reciprocally ;; What: I have faid. 
in reſpe&t of the Leavers bearing or ſuſtaining the weight, may 
alſo be underſtood of drawing a weight; As.if 2-draw, and: 
the weight. A be fixt; not in the midle of the Leaver. BC; the. 
Leaver will be. moveable only about the point D.. 
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PROPOS. XVI. 
A Theorem. 


TN Owers conſiſting at the ends of a Leaver, do not bear the weight 
eaſier on a longer Leaver than en a ſhorter. 

Fig. 39. Let the powers be A and B, and the Leaver like- 
wiſe A B, WSN the weight C; and let there be 2 other 
powers D and E ſuſtaining the ſame weight, or one equal to ir, 
on the longer Leaver ; I ſay the length of the Leaver D E adds 
nothing to the facility ; for let there be the fame proportion 
of AC to CB, as of DF to FE, I will ſhew in both caſes thar 
the ſame part of the weight is ſuſtained by the power B, as is 
ſuſtained by the power E, and the fame by the power A asby 
the power D : In like manner ( from Corollary 2 ) I will ſhew 
in both caſes that the powers taken together are equal to the 


weight, whence the greater Leaver effe&s no more than the 


lefler. 

Neither doth it ſeem ſtrange, that the length of the Leaver 
adds nothing to the force, that is, if two Leavers of unequal 
length, but divided alike from the Prop, that is, let the pro- 
mona of the diſtance in both be a like, the like effe& follows 
in both. 
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PROPOS. XVII. 


A Theorem. 


—_— 


Hile 2 Powers ſuſtain a weight, whoſe Centre is above the Ltc- 
ver, in a declined ſite, the lower Power bears the preater 


weight. 
Fig. 40. Let the 2 Powers be A and B, and lc: the weight 
be above the Leaver and irs centre C,- and let the perpendi-. 
H 2 Cutar 
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cular be CD: I fay, the power B ſuſtains greater part of the 
weight than it the Leaver were in an Horizontal fite ; For the 
weight always acts by a line perpendicular to the Horizon, as: 
in this caſe by the-line CF, when. before it ated by C D, there- 
fore the weight becomes nearer the power B: wherefore the: 
bee bears a greater part of the weight ( by the prece- 
dent. 

But if the weight be beneath the Leaver, the contrary hap= 
pens, as.in the ſecond example, in which the weight hangs 
on the Leaver by the line I K, which weight inclines. to the 
power F, and therefore in this caſe, the power F bears more 
weight, than if the Leaver were-in. an Horizomal ſite; Laſtly, 
if the weight hang frecly it will not change the fite. and con- 
{equently, neither power ſuffers by the declination of the Lea- 
ver Or Beam.. 


PROPOS. XEX. 


A Theorem. 


FT Hen a power draws by a line oblique to the Leaver, its true 
' diſtance is a perpendicular from. the Prop, to the line of Di- 
reftion. 

Fig. 41.. Let the Leaver: or Beam be A B, and. the power: 
drawing by the line B C oblique to the Beam, to which from 
the Prop F- is drawn a perpendicular F D ; I fay, the true diſt- 
ance of the power to be look*'d upon, according as the increaſe: 
or decreaſe of the verrue, or force, .is the. line F D. 

The Demonſtration... Sappoſe the power to conſiſt in the point. 
D, which draws the cord from D in E, and draw the line 
F E; In the mean time the Leaver deſcends in the point G- 
draw the line-E G; and: becauſe-in. the triangles FDB, FEG.. 
the ſides FG, FB.,. alſo FD,. FE, and the-length of the: Chords: 
BD; GE is the ſame ( by. the. 8ch of the-1ſt. of Euclid. Jall the- 
angles will be equal, among which G FD, BFE will be equal,. 
and; the common angle BF D being taken away,. there-remains. . 
©: angles G.FE, D EB equal, and.confequently the arches my 

A. 41 
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\ HI equal. But the arch DE according to which the pow er 


\ 


| 
'asFDto AF: therefore the true diſtance, according to which 
; the motion of the power encreaſes or dec:eaſes in is the line FD, 


is moved, is to HI or BG, or AK the motion of the weight, 


} perpendicular to the line of dire&tion; which was to be. 


' demonſtrated. 


But if the power be in the point C, and it move upon the 


' Circumference MC, it may eaſily be ſhewn that the arch MC, 
' 45s equal to the arch B G, and conſequently in this caſ2 the 


true diſtance ſeems according to that which is Jookt upun is 
its force, to be the line FG -or FC, which would be contrary 
ro the precedent part of the propoſition : Bur the line B C 1s 
ſuppoſed to be flexible in the point G, and ſo the power 
placed in C may move about the point B, as about a Centre,, 
alchough the Leaver FG remain unmoved. Suppoſing then 
from the point B,as from a Centre,we deſcribe the arch CO, fo: 
that the line BO, which may be imagined, be equal ro the: 
line BC; draw a chord from the point O even to M, ſo thar 
in the mean while the end of the Beam paſs from the point. 
B, to the point G,and O M will be the true morion of the power, 
which I afhrm to be equal to the line D E; For fince DC or D: 
O is one half part of the line CK, and E M half of the line M G;; 
then DO and E M will. be equal, and. that which is common: 
being taken away, wiz. E ©, then. DE and: MO will be: 
equal, wherefore the power in on that end of the line is not: 
more moved than if it were applied in the point. D, there- 
on - will be FD; which was to be demon-- 
Fatef.. 


Corollary. T. 


It the line BC be not Flexible,neither in the point B nor any. 
other, bur firmly adheres to. the point B, the thing, will. be: 
otherwiſe ; for if you apply the power in the point D; its. 
diſtance according to what is examined of the increaſe or de= 
greaſe of the force; will be D-F, but if it be applied. in the: 
point. C, its true diſtance will be the line. F C, and its true:mo- 
t10n, according to which it moves, will. not. be only. the line: 
MO, but. the whole arch M.C.. 


Corollary, 


54 Mechanick Powers. Book IT. 
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Fig. 42. The line of dire&tion which 1s perpendicular to the 
= Leaveris moſt apt to move, and by it the power hath the 
greateſt force that ir can have at the end of the Leaver ; for 
let the Leaver be AB, the Prop C, and let the line of direCt- 
ion BD be perpendicular to the Leaver AB: I fay, in any 
other line of dire&tion, the power is leſs able; for let it be 
another line B E, which makes an aCccute angle CBE, and 
which conſequently falls within the circle, draw to it the 
perpendicular CF, which ( by the preſent ) is the true diſtance 
of the power, and leſs than CB, wherefore when the Lea- 
ver draws by the line BE, it hath leſs force than by the line 
B D. Moreover l:t there be another line of direction BG, 
and the angle C B G obtuſe, and conſequently the other angle 
CBH will be accute, and BH will be within the circle which 
being divided in the middle in I, ( by 3 of 3 of Euclid.) CI 
will be perpendicular to BH, and the fame C I will be the 
true diſtance of the power ; which ſince *tis leſs than C B, the 
power alſo will have leſs force. 


Corollary. III. 


Fig. 43- The true diſtance of weights which draw by 
gravity only, 1s a Segment of the Leaver Horizontally placed 
beiwcen the Prop and the perpendicular ; let the Leaver be 
A B, the weight by its gravity drawing downwards in B: 
Suppoſe the line E F in an Horizontal ſite, and draw the per- 
pendicular B C; I fay, the true diſtance of the weight B is 
D C, for all heavy things draws by a vertical line to which the 
Horizontal line DC is perpendicular ; I fay, the ſame if the 
weight were in the point H, the true diſtance would be DG. 
Whence irtollows, that a weight depending on a Leaver Hori- 
zontally diſpoſed hath greater force. | 

And here I will add ſomething out of the Learned Caſatus 
his Mechanics; fays he It may perchance be pertinent to our 
preſent purpoſe, and not Wer ro the Reader, if I here de- 
Clare fomething of an invention: When I heard a certain man, 
declairing that a Bell of a vaſt weight, was carried eaſily on 
Braſs Wheels, which by length of time were worn out, but 
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by what artifice, or 11 what order they were diſpoſed; or made, 
he could not tell; Wherefore he conſidering with me how 
it might be done, 1 happened on this thought, that I eſteemed 
the moſt heavy bell, might cally be repulſed, by diminiſhing, 
or leſſening the reſiſtance, which ariſes from the wearing of 
the Prop, or Stay, and Axis together ; For ler B and C be two: 
ſmall wheels ( Fig. 44- ) of ſolid Braſs, whoſe diameters are in 
ſome different proportion to the diameter of the axis on which 
the bell bears, or lies; And let the ſemidiameter of the Axis be: 
AE, andof the little Wheels BE, in proportion double, there-. 
fore alſo the peripheries will be in. the fame- proportion, there- 
fore while the point I in H compleats:a quadrant, the little Wheel: 
alſo is turned abour, whole periphery is equal to halt a qua- 
drant ; Wherefore if to the little Wheel there ſhould be fixt an- 
Axis, whoſe Semidiameter BG is equal to the Semidiameter 
AE, the rubbing or wearing will be made with + part of. the- 
Periphery of the Axis of the little wheel B; bur becauſe alfo. 
in the little wheel C, the rubbing or wearing, will be made- 
equal with the ſame Axis, almoſt nothing of moment is gained, 
becauſe the whole wearing is equal, as if the quadrant EO 
were turned about in a firm and hollow Prop: And it wilt 
rather be a leſſening of labour in carrying the bell, if the little. 
Wheels were fixed to an Axis: and fince the Axis is Cylindrical, 
the ſubje&ed Wheels doubtleſs will rouch in a line, a ſmall 
part of the Prop; Andthe Axis of the Wheels ſuit or fit with: 
their concave parts inthe ſuperficies which are worn while the 
wheels are turn'd round: Unlefs by chance the Convex ſuper- 
ficies of the Cylindrical Axis B G, be ſomewhat leſler than the. 
concave ſuperficies of the Wheel; and therefore they rouch: 
each other according to aline as(by ther 3th of the 34. of Euclid.), 
'tis eaſy to demonſtrate, which doth nor often happen. . 
Bur 'tis not needful ro make ſuch ſolid:Axes to the Wheels: 
B and C, For if the axis A E is Convenient to bear the weight. 
of the whole bell, a pair of equal Axes will refit or: bear. 
double the weight : Therefore 'tis ſufficient if each of the Axes 
B and C, ſuſtain half the: weight ;. But ſince the reſiſtance. of. 
the Cylindarsleaft they be broken, ought to be in triple: proporti-- 
on of their diameters, .*tis ſufficient to find two mean continual : 
proportionals betweeen the femidiameter A E and its half; 
for that which is- next leſs. to AE will be fufficient, for. the 
=emidiameter of a Cylinder having Subduple. Solidity and reſiſt- - 
ance. 
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ance, but ſtill the Semidiameter requires to be leſs, becauſerhe 
weight bears or prelles obliquely on the Axesof the WheelsB and 
C ; whence the weight of the bell on thoſe axes is according ty 
the lines A B, A C, and not according to the perpendicular A D?; 
Thereforeas ADto AB, ſo reciprocally the weight on A B to 
the weight on AD; butthe weighron either axis is as the ſuh- 
dup'e ( or half ) Summ tro the whole weight; therefore the 
weight on B A is leſs than ſabduple, and the proportion con- 
tinuing is made leſs; For when the Semidiamerers A E and B 
E are given, the whole B A is known; and BD, and allo its 
equal BE is known; therefore (by the 47th. of rſ.of Enclid. ) 
alſo A D will be known, whoſe quadrate you will find, if from 
the Square of B A you ſubtract the Square of B D. 

Therefore if by Hypotheſis, BA, be 3, its Square is 9; and 
BD 2, us Square is 4, which ſubtracted from 9, there remains 
the quadrate 5, whoſe root is 2,23 and 1s the right line DA: 
The weight therefore on B A to the whole weight of the Bell 
on both axes B and C, is as 2, 23 t0 6,00: Bur becauſe the 
reſiſtance of like ſolids is in triplicate proportion of their homo- 
logal fides( and in Cylimders the proportion of their diameters is 
had ) if you ſeek two mean proportional numbers between 6, 
00 and 2, 23 which you may do if you draw the quadrate of 
one extream into the other extream, for the Cube root of the 
product is the rerm next to that number whoſe ſquare you af- 
ſumed: Therefore firſt, the Square of 6, oo being 36, ocoo, 
draw it into 2, 23 and the cude root of the produtt 80280000 
is 431, &: But the quadrate of the other extream 2, 23 1549729 
being drawn into 6, oo, gives 29837400 whoſe cube root 310, 
35 the other mean; Therefore the 4 numbers 600,43 14,310,223, 
are continual proportionals, the fraCtions being {lighted ; 
Wherefore if you make it as Goo to 431, ſo the ſemidiameter 
AE to BN, this ſemidiameter ſought will be ſufficient to bear 
the weight. | 

And becauſeB E is the double of AF, and AEtoBN 1s 
made 23 600 to 431, BE will be to BN, as 1200 to 4.31; And 
according to this fame proportion will the Semiquadrants be 
that are deſcribed by them. Bur the eighth part of the Per:- 
phery from the radius B EF, is equal to the quadrant from the ra- 
dius A E; therefore the quadrant E O to the Semiquadrant of 
the radius B N, is alſo as 1200, to 431,Therefore if the rubing 
upon of the axis ot the bell with the fixed Prop and hole, be hos 
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the Wheel B with its Axis is 4.31, to which the rubing upon of 
the other Wheel C with its Axis is equal; and therefore the under 
Wheels the diameter whereof is only double to the diameter ef 
the axis of the bell, the rubing upon is as 862 to the rubing up- 
on which is as 1200; If therefore the diameter of the Wheels 
to the Axis of the bell be not only double,bur triple or quadruple, 
the rubing upon will be much lefler, and the facility in carrying 
che bell greater. 
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Wheel or Axes in Perztrochio. 
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Fig. 45, 46. Xes in Peritrochio, which in Latin they call 

Suculum, or Windlace ; It conſiſts of a Cylin- 
der, or round piece A B, to which is fixt an Axis C D, it hath 
alſo handles or radius's fixt to the Cylinder; abour the Cylinder a 
rope 15 turned to which the weight is faſtned; ſometimes the A xis 
C D, is rearing to the Horizon,as in Fig. 46, and ſometimes it is 
perpendicular to the Horizon,as in Fig. 45. and may be variouſly 
made, and yet 1ts eſſence; or being, remain unchangeable, 'and 
te ſame power perſevering in augementing ; For whethcr 
the handles be immediately fix to the Cylinder, as in Fig. 45, 
or whether they be fixt to the Circumference of the Wheel, as 


in Fig. 45. it differs little, for the true length of the radius 


15 the diſtance -of its end from the Axes. 


I P ROPOS. 
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Mi 


PROPOS. I. 


A Theorem. 


FItHe Wheel or Axis inPeritrochio, is a Ballance or Leawer. 
T Fig. 4.7. Let the baſe of the Cylinder be A B, its Cen- 
tre, or the Common Section of the baſe and Axis the point C, 
which when 't is immovable hath the force of a fulciment or 
Prop, let the weight hang from the point A, and the Power 
in D, I ſay there will be found a Ballance or Leaver of the firſt 
kind; for alchough the handle B D be not always fixt in the 
ſame plain wherein the weight A is found, nevertheleſs it de- 
{cribes an equal Circle to that which it runs over, if it-cxiſt in 
the ſame plain; and therefore is found tobe a Ballance or Leayer 
of the-firlt kind, And the ſame Propoſitions which we have 
made of the Leaver may be applied to this. Engin, ſince the 
increaſe of the motion of a power above the motion of a: 
weight is the ſame ; Therefore ( by the firſt principle of this ) 
the increaſe of force is the ſame : But in the ſecond caſe 
in. which the weight depends on. the point F, the Prop is in. 
H, and the Power in G, 'tis a Leaver of the ſecond kind. 

But if the power be in the point K, the Prop in L, .and the 
weight depend. on the point M, as yer it will be found a Leaver: 
of the firſt kind, but being thus diſpoſed, the force of the- 
Power is diminiſhed. l 

Laſtly, If the Fulciment or Prop be inthe point O, the Power: 
in P; the weight in R, it will be found a. Leaver of the third 
kind, wherein the force of the weight is increafed, and the. 
force of the Power leſſened; notwithſtanding, this diſpoſition 
is not unuſeful when the power exceeds the weight by a. lon-- 
ger interval.or ſpace.. 


Corollary: 
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Corollary. E 


If the Power be to the weight, as the Semidiameter of the 
Cylinder to the length of the handle, or radius, the power in 
ſuch diſpoſition will be in Equzlibris with the weight: And 1 
ſuppoſe the Power to be applied in the extream or end of the 
radius, and to force the handle always perpendicular ; The rea- 
ſon is |clear, becauſe ( by the firſt Principle of this ) *tis then in 
Eazuilibrio, when the Power 1s to the weight, as the motion 
of the weight to the motion of the Power reciprocally. But 
the motion of the weight 1s to the motion of the Power, as 
irs diſtance from the Axis, to the diſtance of the POWEr 
from the ſame Axis: For while the power abſolves one cir- 
cle about the Axis, the rope allo is once turned about the Cy- 
linder, and the weight abſolves an equal motion to one circum - 
volution, or one Circle of the Cylinder, but Circles are to each o= 
ther as are their Radius's, Thereforeiif the Semidiameter of the 
Cylinder be to the length of the handle, as the power to the 
weight, it will be in equil/ibrio, and the power will ſuſtain the 
weight ; which was to be demonſtrated. 

Bur that the force of this gin may be the better concieved, 
take the Semidiameter of the Cylinder, and compare it with 
the length of the har.dle, which take from the Axis to the point 
in which the pow.r is applied; and as often as the Semidia- 
meter of the Cylinder 1s found in the length of the handle; 
ſo often is the power multiplied; that is, ler there be a man 
in Equilivrio with 100 pounds, and let the Semidiameter of the 
Cylinder be 10 times found in the handle ; I ſay, the ſame'man 
can with this Engin {ultain 1000 pounds. 


Corollary, II. 


But if there be a greater proportion of the power to the 
weight, than of the Semidiameter of the Cylinder to the length 
af the handle, the Power will raiſe the weight; for greater 
force 1s required to move a weight, and to Overcome its ret)ſt- 
ance, than to make it even, or level. 


I 2 In 


EO. Mechamck Powers. 


In like manner if there be greater proportion of the length 
of the handle to the Semidiameter of the Cylinder, than of the 


weight to the Power, the power will be ſuperior to the weight. 


and overcome its reſiſtance. 


Corollary. II. 


If the power move the handle by a line, not perpendicular 


ro the ſame; Its true diſtance from the Axes.or Prop will be 
leſſer : As if in Fig. 48. the handle be BC, and the power 
draws by, the oblique line C E; the true diſtance of the power 
according to which we ought to meaſure its increaſe or aug- 
mentation will be the perpendicular.B D( as is ſhewn at Propo- 
(itzon 19. of a Ballance or Leaver, ) 


Corollary. IV. 


if a rope be ſo turned about. a Cylinder that it makes the 


folding ſpiral,or that one Spiral folds on another, it makes the- 
difhculty of drawing greater, or increaſes the force of the 


weight; for when the Semidiameter of the Cylinder is increaſed, 
it makes the proportion of the length of the handle, to the 

emidiameter of the Cylinder leſs ( by the 1oth.. of 5th. Euclid. ) 
or, that I may ſpeak more plainly, the Semidiameter of the 


Cylinder, 1s not ſooften found in the length of the handle; if it 


happen tat the Cylinder be not long enough to hold all the 
Spires, bur it ſhall be needful to put one Spire - upon another, 
fiince thole Spires. ſo put upon one another, neceſlarily. in- 


creaſes the Semidiameter of the Cylizder, the ſame weight will- 
have unequal force, and will ſooner move the Clock or Watch, 


whence 1t follows that the firſt hours.are unequal and ſhorter; 
Bur if any one would have (for example ) the third Kour 
ſhorter than the reſt, ler him increaſe the Cylinder of the Tym- 


qahar ugg the Spire which anſwers that hour and. he will have. 
113 8&CILKEC.. 
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Corollary. V. 


Fig. 49. From this propoſition you may underſtand where- 
fore in watches, which are not animated. by weights, but by 
ſpripgs, wherefore I ſay the C/imder about which the ſtring or 
chain winds is not made Cylindrical but Conical, as in this figure, 
for when the ſprings in the beginning, are more ſtrerched-tharr: 
towards the end, therefore they have greater force than the 
reſt; In the beginning they ought to draw by the Apex of the 
Cone, that is, then there is bur a {mall diſtance from the Avis, 
but in the end they draw by the baſe of the Cone, in which 
part there is. a greater diltance- front the ſame Axis; to wit, 
that greater force drawing from a lefer diſtance, or in a ſmall- 
er motion, may be equal to the force of a lefler drawing from 
a greater diſtance : For let the force of the ſpring in the be- 
ginning of drawing, to wit, when 'tis moſt ſtretched be equzt 
ro.0ne pound weight, and. in the end equal to the weight of 
4..0unces, or +. part of a pound'; the Semidiameter of the 
Circle of the Cone in which the String or Chain is knit, in the 
beginning of drawing ought to be 4 part of the Semidiameter 
of the Cones baſe, according to which the drawing is made 
in the end, for thus the force. in each caſe will be equal and. 


will draw uniformly. 


Corollary, VT. 


Fig. 50: Hence may. eaſily be folved a-queſtion oftentimes 
propoſed to me, to wit, whether the ſame weight hanging on 
a.long cord hath more force than if it hung on a ſhorr cord ; 
or whether it be harder to draw the weight A than the weight 
B, which I ſuppoſe to be equal ; The reaſon of the difficulty 
ſeems to be becauſe the. weight A is-farther. diſtant. from the 
Axis of the Cylinder than the weight B, and: therefore ſeems to 
require more. force; therefore we fay not any diſtance from 
the Axis is the meaſure of the increaſe of force, but that only 
from whence follows greater motion; therefore whether the 


weight exiſt in A or in B, while the Cylinder is turned round 


ence, the. weight aſcends according to a.line which is equal 
| | to 


56 AMechanick Powers. Book III. 
to the Circumference of the Cylinder; therefore in each caſe 
the weight is equally moved, therefore equally gravitates; not- 
wirhſtanding I exclude the weight of the rope, or cord. 

But if theſe weights hang not freely, bur the lines BD, A C 
ſhould be of rigid matter and inflexible: Becauſe while the 
Cylinder is turned about, the weight A deſcribes a greater 
Circle than the weighr B, the ſame weight A will have greater 


force than the weight B, according to the proportion of 
.diſtances. 


FL 3 
P R O P O S. II. " 
b 

A Theorem. zimal 

mills 4 


W/E: a power atteth by the force of its own pravity, the in- that th 


creaſe of the Power doth not always ought to be required from 
the diſtance of the Axis. 


Fig. 51. Although we have toucht upon this propoſition 
already : Nevertheleſs we will fit it peculiarly to this.Engin, be- 
cauſe that 'tis already known, and in common uſe with fione Cider 


diggers; the Machine or Engin conſiſts of a large wheel into 
which men enter, and in which they walk, alſo a Cylinder 
abour which the rope is turned abour, and an oblong neck, 
in whoſe extream or end is a Pulley to dire& the weight ; It 
may be queſtioned, whether the force of the power of the 
movent applied in the extream of the Wheel be increaſed, 
according to the proportion of the Semidjameter oi rhe wheel 
to the Semidiameter of the Cylinder ; ro which I anſwer, it is 
not ſo, for when a man walks in a Wheel, and moves by 
gravity, to Wit, by a line tending to the Centre of the Earth, 
applied in divers parts of the wheel, yea, often times almoſt 
under. the Axis, Its true diſtance is not to be taken according 
to the Semidiameter; as if the man were walking in the point 


A, when he moves by the line A B, his true diſtance 1s C D; as 
is ſhewn 1n Propoſition 19. 
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A Thorem.. 
Of the windlace placed vertically. 


Fiz. 52. BR, Lthoagh it matters not much how a Windlace is; 
placed as to its lite or polition, yet a Windlace 
whoſe Axis is vertical hath this peculiar property, that it may 
be wrought by animals only, becauſe that ( properly ſpeaking)) 
animals only have their motion Horizontal, although alſo ſome 
mills are made in which water moves the Windlace vertically, 
yea, and the wind alfo,as we ſhall ſhzw; I have often wondered: 
that theſe kind of Windlaces are no oftner made uſe of in- 
buildings, fince by the help of a horſe only, greater ſtore- of 
Stones, or Bricks, or Morter, may be conveighed to the upper-- 
parts of the building, than by 4 or 5 men ; Wherefore a ver- 
tical Windlace may be worked with a Mill-horſe, and: about: the- 
Cylinder a double rope may be turned abour, in a contrary man=-. 
ner, ſo that in the mean while that one weight riſes, it ſends, 
down the other Inſtrument. The force of this Machine will be: 
very great, for when a horſe can carry more than 390 weight, 
he will draw much more, or raiſe by drawing; we will, ſup- 
poſe 500 weight, and his force increaſes according to rhe pro-- 
portion of A Cto AB; and for the moſt part AC contains 
10 lines of A B, from whence it will be, that one horſe: alone: 
may raiſe 5000 pound weight ; but if the weights ought not: 
to be ſo great, and it ſeem better to raiſe more ſmall weights: 
with reſpited force, than to take up a great weight together, 
and at once, leſt the ropes. be broke, then you: may increaſe: 
the Cylinder A B to-any thickneſs thar you pleaſe, for then you. 
will _ the force of the power, and. ſooner take up. the 
weight. 

Nevertheleſs becauſe in this Machine or Engin there ſeems; 
this incommodity, that the weight being elevated, the: Wind- 
zace ought to be turned. the: contrary. way, and there would: 


be: 


O 4. Mechanick Powers. Book III, 
be ſome loſs of time, to turn the horſe the contrary way ; 
firſt *ris certain that if men were placed ro this Wrrdlace, thar 
iriconveniency would ceaſe : Bur if yet you would uſe a horſe, 
make a compounded Machine or Engin of two Windlaces, hav- 
ing two Cylinders With teeth, or toothed Tympanes, which ver- 
tical Windlace may move the other Horizontal, fo that if the 
Cogs or teeth of the Cylinder be put to the other, the Cylinder 
will be moved on one part; but if it 1ncur in the other 
Cylinder, the Cylinder will be moved with a Contrary moti- 
On; and *'tis eaſy ſometimes tro move one, and ſometimes 
the other Cy/;nder, with a moveable Leaver abour the cardinal 


point. 

Fig. 53- This vertical Findlace is commonly uſed by ſea- 
-men, chiefly in great ſhips, fo that thereby they take grear 
weights into ſhips, and draw out great anchors which require 
creat force, both by reaſon of rheir weight, as alſo to dig them 
' out and draw them trom the earth, wherein they ſtick faſt; 
where in one thing is to be. noted, that becauſe. the Cables 
or great Ropes are oftentimes ſo thick, that it they are rolled 
about the Cylinder, and Spire 1s put upon Spire, they grow to a 
great mole, and render the Engin uſeleſs, cheretore they turn 
only 3 Spires or 4 at moſt about the Cylindcr, fo that while a 
Seaman turns one end of rhe rope round it, the other is rolled 
away; Ard that it may always confift in the middle, nor run 
through the whole Cylinder, the Cylinder is made broader ar 
the ends after-the manner of a Cone, as you may ee in the 
Figure, for ſo the rope is kept in the middle. 


Fig. 54. There are reduced to the vertical Windlace or Axis 
in Peritrechio your leſſer water-mills, in which the water dil- 
poſed in the wheel forces it fo, that the Wheel is moved 
Horizontally, and its Axes vertically ; We uſe this Engin when 
great ſtore of water is not at hand, and the greater the wheel 
is, the greater-will the ſtrength of the water be, according to 
the. propertion. of the .diameter of the Wheel to the diameter 
of the Mill; But in the ſame proportion decreaſes the velocity 
of motion'in the Mill, for each rurning round of the Wheel, 
an{wers each turning of the Mill, from whence it happens thar 
great Care mult be taken that the Wheel be not made greater 
;han-is requiſite; for if ir be there follows a flownels in the mo- 
ton of the Mill, and the Engin is rendred leſs uſctull; likewite 

it 
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if the Wheel be made leſs than the reſiſtance of the Mill 
requires, there will be no motion. 

To the ſame Engine are recalled other wheels, which how- 
ſoever expoſed to the wind, always turn round ; for to whar 
wind ſocver on one part, the Concavity of the little hand 
rurns, the convexity of the other is alſo turned,as if the wind 
blew directly according to the line A B, the wind will touch 
the Concavity of the little hand AGB, and the Convexity of 
the little hand B A, but thenit makes greater impreſſion while 
it incurs in theConcavity,than while in the Convexity ; becauſe 
then it eafily ſlips away, this Wheel is turned from A by G in 
B: And the impreſſion of the wind may allo eafily be hindred 
1a the little hands A, and then it will be rarned more vehe- 
mently, ro wit, if there be placed ſome obſtacle. 

This kind of Windlace is uſed,. as often as we uſe Animals, 
but chiefly we uſe Mill-Horſes when we work Engins, ſuch as 
Mills, we grind all manner of Corn with, or Nuts, or Olives, 
or for the Extraion of Oyl ; 1 omit feveral other Engins, 
which part of then are recall'd to this kind of windlace. 


PROPOS. IV. 
A Theorem. 
Of the double Axis im Peritrochio, or a Wheel. 


Fig. 55. "JP moſt part of vulgar Engins are not fo fim- 
ple, bur that oft times they contain a double 

Engin of the ſame kind; I ſhail not inſiſt upon the Compo-' 
ſition, which may be made from a double or rriple ballance,or 
leaver ; becauſe for the moſt part fuch comipolure is uſeleſs, 
whence the firſt Compoſition which may be made for ufe is 
the double windlace, and ſamerimes a triple one, according 
as the thing requires : Bur becauſe as we have ſaid, the Wind- 
lace 1s recalled to a leaver, and that continually, therefore it 
will not be unprofitable brictly tp nore, how wonderfully a 
power is augmented by uſing a double Leaver ; for lt the 
leaver h» AB. its Pron ©, allo let AC bet0CB, as to to; 
K Sus 0 
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Sure it is the Power applied in the point A, is equiyalent to 
ro Powers equal to it ſelf, applied in the other leaver DF, fo 
that EF be to DE as 1oto 1 ; the Power placed in Fis equi- 
valent to 19 Powers equal to it ſelf, in reſpect of weight con- 
ftituted in D: Bur if the leaver DF impells the leaver AB, 
the Power F. will be equivalert to 100 powers equal to it ſelf, 
in order to a weight conſtituted or placed,in the point B. 

And the reaſon is clear, the point F hath 10 times greater 
motion than the point D, but when the point D is conjoined 
with the point A, they make the ſame motion ; but the point 
A runs through 1o times a greater ſpace than the point p: 
Therefore (by the firſt principle of this) in ſuch diſpoſition of 
the Engin, the power conſtituted in the point F will be equi- 
valent ro 100, equal to ir ſelf, in reſpect of weight placed in 
the point B. 

Fig. 56. Which Doctrine 1s applicable to Windlaces, if they 
are fited in the ſame manner; as if the handle A C be ro 
times greater than the Semidiameter of the Cylinder B, and 
the Rope annexed to the Cylinder pg, moves the Windlace E, 
by the end of the handle D F, which alſo is 10 times as great 
as the Semidiameter of the Cylinder E : I fay the power A is 
100 times encreaſed with reſpect to the weight G, which is 
maniteſlt. 

Fig. 57. Notwirhftanding, becauſe in this diſpoſition the 
Cylinder E abſolves only half the turning about, therefore 
this Engin is rendred uſeleſs in many effe&ts : Therefore if you 
would know the diſpoſition in which the leaver D E may al- 
ways draw, this will be, if the Rope be made (as they call it) 
perpetually rurned round about the Cylinder A, encompaſling 
the Wheel BC of the Cylinder D, and this Engin may be 
moſt uſeful, eſpecially when the two Cylinders A and D are 
diſtant from cach other a great ſpace ; nevertheleſs it hath 
this inconvenier cy, that oft times it happens that the Cylinder 
A is. moved alore although the Rope draw not ; and therefore 
they make the Cylinder A, rough with hoHowings, and alſo 
they make knots. or balls. in the Rope which enter into the 
hoitlowings, and: ſtay the Cylinder that it. cannot. move alone, 
as in the Figure E appears plainly. 

Fis 58. We ule the ſame Engin, but in a contrary manner 
when the power overcomes the reſiſtance of the weight by a. 
ng ſpace, bat a malt fwitt. motion. is demanded ; as if the. 
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greater Wheel be A about which the Rope is folded, and alſo 
about the leſſer Wheel B, whoſe Diameter is contained 10 times 
in the greater Diameter: Tis certain that every circumvolution 
of the greater will anſwer 10 Circulations of the leſſer ; bur 
in this diſpoſition the power is leflened ; that is, if the POWer 
as 1 be applied at the handle C, you may determine to raile 
ſome weight hung to the Cylinder D, there will be required 
a power 10 times greater tO take It up, if it be hung on the 
Cylinder E. Howbeit this Engin is very uleful, becauſe otr 
times a power overcoming a reſiſtance ſuſtained by a great ex- 
ceſs, cannot otherwiſe conveniently be applied: So they which 
ſharpen Knives, and other edge Tools, on a Grindſtone, have 
greater force than to Overcome that reſiſtance, whereby the Iron 
reſiſts the motion of the Stone while it js held upon ir, and 
requires a ſwift motion only, which cannor be produced from 
the power in ike manner, becauſe 'tis impoſlible ro move the 
Arm ſo ſwift: In this caſe an Engin muſt be uſed, which en- 
creaſes the motion, although it lefſen the force of the power : 
This Engin is eaſie, and much uſed, and chiefly of Women 
which Spin ; alſo when they draw out Silken Threads, or 
double them ; alſo of thoſe that polliſh pretious Stones, of 
Turners, and of many others, and I wonder that 'tis not uſed 


by more. 


PERGQPOS, NY. 


A Theorem. 
Of Wheels with Cogs, or Teeth. 


Vig. 59. "<7 OO Wheels are recalled to Axis in Peri. 

rrochio, and are eaſily underſtood by a perpe- 
rual leaver; wonderful is the increaſe of power in uſing ſuch 
an Engin. 

For ſince that while one Wheel is 10 times turned 
about, the other is but only once turned round, it Cauſes each 
Wheel to increaſe in adecuple proportion,and therefore as ſhail 

| K 2 X bu 
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be demonſtrated elſewhefe, a number conſiſting of 50 Areth- 
metical Figures, is greater than the number of Sands which 
the whole Circuit of the Firmament can contain ; but the: 
number of each Figure added, increaſes in a decuple propoti- 
on, and from thence the power follows. : 

The Demonſtration. Let there be a power in A which can 
draw to it ſelf 100 pounds, and let C D be 10 times the Semi- 
diameter E F, and let there be ſo many Teeth in the Wheel. 
G, that EF may deſcribe 10 orbs in the fame time that the 
Wheel G deſcribes one ; Moreover let G be 10 times turned: 
round while the Wheel L abſolves one circumvolution, and. 
fo on; I ſay, the Power, as 100 placed in A, 1s able to elevate 
a weight of 100000 pounds. 

For fince the power in A runs through a ſpace ro times. 
greater than the little Wheel EF, and the little Wheel EF 0 
times of the little Wheel M, and the little Wheel M 106 
times more than N, and this again 1o times more than the 
Cylinder G H: The power A runs through 100000 times greater 
ſpace than the weight P ; but the power 1s increalt according 
to the proportion whereby its motion exceeds the motion or. 
the weight (by the firſt principle of this) therefore the power 
A in reſpect of the weight PÞ, is equivalent to 100000 powers 
equal to it ſelf : but A is ſuppoſed to be able to draw to it ſelf 
100 pound, therefore *tis equivolent to 10000 powers which- 
can each draw 100; but 10090 of ſuch powers can draw 
1000000 ; Therefore the power in A, by the help of this: 
Engin Can draw 1000000 pounds, Which was to be demon- 
ſtrated. | 

Bur on the contrary the weight loſes as much of its force ; 
whence if inſtead of the weight P, a power be placed which: 
can elevate 100000 pounds, and the: weight in the point A 
can only elevate a weight of one pound, but the loſs which 
the power A ſuffers, is in time, for it ought, to make 1000 
Circumvolutions in the ſyme ſpace of time that the Cylinder 
I, abſolves 1. | 

Allo this Engin is inverted,or changed, as often as the force 
abounds in the power, and a moſt ſwift motion is required in 
the weight, which may eztily be underſtood: by the forcfaid- 
diſcourſe, to wit, if the handle be in the. Axis I, tis certain, 
that the Axis D E makes 1000 Circumvolutions in the fame 
tune that 1 or.ly makes. one. 

Prop. 


Book IIL Mechanick Powers. 


PROPOS. VI. 
A Theorem. 
To recall Toothed Wheels to the Leaver.. 


ble to clay Fig. 60. bag; whole multiplication of a power by help 
of Wheels, is eafty to recall to Leavers, yea he, 
Ce 10 ting that dilligently conſiders the nature of Wheels,. may eafily con-: 
heel EF 1; {der the perpetual leaver in-them, for each Cog of the Wheel 
Reel M 1 is a Leaver,, which are ſabſtitured to themſelves by turns, ſo 
re than tþ that one being deficient. another ſucceeds it. 
Innes great And that we may conſider the ſame in the Multiplication of 
lt accord leavers, let there be 3 leavers AB, DF, IH, andlet AC be 
e motion OCB as 1 to 10; inlike manner DF to FE, and EI to IH: 
e the pox: I ſay the power as 1 in H in reſpec of the weight A, is e- 
Y000 pokes quivalent to 1000 powers equal to it ſelf. 
aw t0 i The Demonſtration. H 1s 10 times more moved than E or PF, 
Mvers whit and E 1o times more than D or B, and B 10 times more than 
Rs A ; Therefore the motion of the power in H is 1000 times. 
lp of i more than the motion of the weight in A: but if there ſhould: 
Bow be only one leaver K M it would be otherwiſe, for the leaver 
LM would be only 30 times the part KL, and ſo the 
I ine ape = M would be equivalent only to 30 powers equal 
aced whit To this kind are recalled almoſt all Engins of any moment 
which we commonly. uſe, and which in the following pro- 
poſitions I ſhall explicate, the Forces whereof if any one 
would conſider, in general he: muſt meaſure both the motion 
of the weight, and of the power, and compare them between 
themfelves. _ | 


70 Mechanmck Powers. Book III. 


_ — > - Wnn——y Inn ne ns Ae ern eee ER en EY 


4 w— _- 


— —_— 


PROPOS. VII 


A Theorem. 
Of Engmes moved by Water. 

Fig. 61, A Mong others thoſe Engines are moſt uſeful, 
which are rather moved by Inanimate things 

than by Animals ; becauſe that Inanimate things want not 
nouriſhment, and are never tired or wearied ; but Inanimate 
things which are wont to Animate Engines, are likewiſe all 
thoſe things which cauſe Motion, as Water, Wind, Smoak, any 
kind of Weights, Springs, &c. In this Propoſition I ſhall briefly 
handle thoſe Engins of that kind which are moved by Water : 
And I find that Water can move an Engin in a double manner, 
either by an acquired force which can equalize a percuſſion, 
or ſimply by weight or gravity, thus ſome Wheels are made 
which bear Warer on one part; in which '*ris requiſite to know 
the preciſe proportion of the Axis in Peritroechio: So that the 
weight of the Water may have the exact proportion of the 
Power, ard we ought to meaſure its force by the diſtance 
from. the Axis, which in ſuch caſe the forces of the 
handles bears: . bur when running Water moves an En- 
gine or Machine not .by force of weight, bur by acquired - 
Foes, that is done either becauſe Water is conveyed by a plane 
much inclined, or running into wings, or little hands, bur 
which merhod is beſt we will examine when we come to treat 

of Hydraulic Engines. fTD | SIE 

Fig. 62. Bur 'tis certain thar greater Wheels have moſt force, 
for when in Windlaces the power is moved by a longer handke 
its force is increaſed, bur likewiſe a requiſite rime 1s -increaſt, 
whence I often find in common Mills unneceſlary Expences laid 
out, to wit, they make the greater Wheels winged, in which 
the Water daſhes,alfo becauſe a ſlower motion ſhould follow in 
the Mill, they add a greater roothed Wheel which runs into a 
leffer ; ſo that while the greater makes-one revolution, rhe <0 
makes 
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makes 8 Circumvolutions ; Ir is ſufficient that the firſt wheel 
A B, equipt with little hands, be made lefs by one half, 
alſo the wheel CD to be + of that; fo that EF ſhall make 
only 4 Circumvolutions 1n each rotation of the greater wheel 
AB; for the Water hath the ſame force in reſpett of the Mill 
E F, in moving by only 4 rurnings about, and the Water will 
twice as ſoon turn the wheel AB, being Iffer by haif; and if 
we weigh or conſider all theſe things exa&tly, and accerding 
to Mathematical Rules, the ſame thing would happen 3t 
the wheel A B ſhould be eight times leſſer, hkewife C D ſhould 
be $ times leſſer ; ſo that each Circumvolution of the Tooihed, 
or Cog wheel, ſhou;d anſwer each Circumvolution of the 
Mill E F. | | 

Which things, as I have ſaid, are true, preciſely ſpeakmz, 
notwithſtanding we mult conſider one thing, viz. That greatcr 
wheels becauſe they depart leſs from a right line, iteretor: 
their little hands are longer forced by the Water ; bur in lefler 
wheels each little hand is ſooner elevated, whence in all theſe 
ſome mediocrity ought to be obſerved. 

Fig. 63. Not only Mills for grinding of Corn, but alfo- 
moſt other Engines, yea, almoſt all which are made in Water 


are reduced to this kind; Firſt, all Mills for Corn, which are 


made on the banks of Rivers, or thoſe that are made in lictle 
Ships,and in the middle of Rivers, or other Engins. which are 
for grinding of Nuts,or of Bones to powder, &c. Alſo Engines 
to make Paper, in which a wooden Cylinder of ſufficient mag- 
nirude ſtanding out, furniſhe with heale troughs, rakes up. 
wooden Mallots, which bruiſe and break whatſoever is laid 
under them to powder ; your Gun-powder Mills in tke manner 
conſiſting in a Cylinder, equipt with like troughs, which take- 
up Peſtles of Mortars; for in all theſe we muit conſider Axis. 
in Peritrcchio, as well in the wheel which the Water forceth 
or driveth, as in the Cylinder and its troughs, taking up Mal- 
lots, or Peſtles. 

Fig. 64. Likewiſe Mills for Iron, in which alſo a Cylinder 
equipt wath little hands, takes up and lets down an Iron Mal- 


ler of a ſufficient greatneſs. 


Fig. 65. And theſe are of divers kinds, according as they 


are diverſly required to be made, for ſome are greater,andi 
lome are leſſer, ſome pound oftner than others. 


Fig. 66. 
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Fig. 66. Saws alſo which are drawn up and thruſt down 
by the handle ; alſo there 1s another part of the Saw which 
belongs to another kind, wiz. to the Screw. Alſo Engines in 
which Bellows are wrought, or blowed, which belong to the 
ſame manner, as to motion upwards and downwards, bur if 
four pair of Bellows are to be blowed rogether, the Axis ought 
ro he made turning, or bowing, four oppgoſte ways, that they 
may be moved in any order, and 41n each Quadrant. 
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PROPOS. VIII. 


A Theorem. 


Of Engmes that work by the gravity of Weights. 


Lſo Engines are moved by Weights, and the force of their 
Gravity, as are our Clocks, notwithſtanding I ſhall ſay 
in general, that all thoſe Engines are nor fit ro augment the 
force of Powers, but to ſhorten time, to wit, that that may 
be done in a ſhort time, which was wont to be done in a 
whole day ; thar is, let an index of hours be moved in a whok 
day, that it may ſhew the hours properly, if a man ſhould 
undertake that without an Engine, he would ſpend the whole 
day ; a weight being-ſubſtirured by a man in one minute, in 
drawing or winding up the weight, uſes as. much force as is 
nccellary to move the Hand or Needle the whole day. 

The fame.l ſay, of Engines for the turning of Spits in con- 
venient places, which have nothing; peculiar but -their motion 
of ſtaying,or ſtopping, which we ſhall treat of hereafter ; and 
theſe Engins are made after four manners, viz. with Weights, 
with Springs,by Smoak, and by ſome living Creature walking 
in a Wheel ; of Weights and Springs I ſhall ſay nothing, for 
'tis moſt certain 1 have found nothing in them more-than ro0- 
thed Wheels, and: Axes in -Peritrechio; and the Animals which 
are commonly made ule of for the turning of Spits, are Dogs, 
bur Geeſe are better, for they will bear their Labour longer, 
ſo that if there be need they will continue their Labour 12 
Hours. Prop- 
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PROPOS. IX. 
A Theorem. 


Engmes moved by Smoak, 


&ijg. 57. N5ines which are turn'd by Smoak, ſhew plaialy 


how much force is increaſed by Axis in Peritre- 
chio, for what force can there be leſs ro impel and more a 
Weight than Smoak, nevertheleſs while this runs into the win- 
ged Wheel A B, all whoſe wings are bent in the fame part, 
if the wheels are ſo fitted, that while C D makes four or five 
Circumvolutions, the wheel E makes one ; and in like manner 
while the wheelE, or that annext to it F, 1s turned four or hve 
times,the rightline G is only once turned ; A B makes 25 circu- 
latiovs in the ſame time that G,viz.the Spit makes one,] fay,from 
this multiplication of motion in the power, to wit, in the 
Smoak, or in the wheel, into which the Smoak enters, the in1- 
pulfive force of the Smoak is increaſed 25 times, with reſpect 
tO the reſiſtance of the Spit placed in the point G, and I 
not wa any thing more in this Engine worth our taking nv 
tice of. 


— 
eee. __ —_ _ 
—_— 
— en — 


Ww—_ - - 


— -— - EO I oo— _—— O_o 


PROPOS... A 


A Theorem. 
Of Engmes workeng by the Wind. 


Fip. om reaſon is the ſame of Mills turned by the 
Wind, in which alſo the fails are bent .in the 

ſame part, for they are not dire&ly oppoſite to the wind, bur 
every one in ons and the ſame parc are ſomewhat oblique, 
Wee almoſt 


T4 Mechamck. Powers. Book IH. 
almoſt in the fame manner that Boys make paper Wheels on 

a Reed; ſo that while they run and hold ir in the Air, *tfis ea- 

fily rarn'd, and becauſe the force of the Wind and the vyio- 

lence is very ſtrong, the Mill makes more turnings about than 

the winged wheel in a contrary, manner, as in. the precedent 
Engine. And the ſaine queſtion may be made of this kind of 

Wind-mill, which is made of common ones, to wit, whether- 
they may not be more compendioully compoſed than com- . 
monly they are. made; for ſince by the mulqgplication of the 

Wheels the motion of the Mill is increaſt, whether or no.it: 
would be better to make lefler wings, whence it will come to- 
paſs that the firſt Wheel will compleat its revolution ſooner, 

and therefore there will nor need. fo much multiplication of 
the Wheels, that the firſt Mill ſhould obtain the ſame motion - 
*cis alſo worth our conſideration that the. wind is nor applied : 
in one place only, bur almoſt in the. whole wing or fail, and 

therefore the greater the ſail or wing is, the wind will not. 
only have the greater force, becauſe that it makes greater mo- 

tion in the extream with reſpe& to the motion of the mill, 

but alſo more plenty of wind is. adhibited, whence I think 
*tis better to uſe longer wings or ſails than ſhorter. 


*. * A —— 
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The Art of Mulls depends on Axis im Peritrochio. 


T*O reckqn up all. the Arts which depend on Axis in Peri- 
T trochio would.. be: a thing not. unpleaſant, bur almoſt an. 
endleſs piece of work;. and would be rather like a Hiſtory than 
a_Theorey, in which I chiefly write of the principal cauſes of: 
Engines, ſhewing by what-ingenuity. every one may deſign or 
contrive Engins after his. own manner meet. for. the purpoſe. | 
And I ſhall inſiſt a lictle on the making of Mills, that we may 
know. how great profit we receive to the commodity of life - 
from-- Axis in Peritrechio.z, and-although thoſe that are chiefly - 
ord.ined,are Mills for grinding of Whear,and.other. Seeds, thar. 
bread 1nay be made of flawer, yet ſome part of; them are 
deligned. to other uſes; for. as. much;as the outer Wheel is . 
common to all, which by. water: running intq. it, turns 1t and: 
the Axis about. For if Wool, 'or Hemp, or. Flax, be to be. 
poundcd, or any body ground ro Powdcr, it old:Rags are 6 
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be bear to pieces to make Paper, little pegs or pins zre fixt ro 


the Axis, which in turning about meet with the pins of Fe- 


ftles and raiſe them, and depreſs them, and their weight fa1l- 
ing on the matter laid underneath, either batters or breaks it 
ro. pieces, or beats it tro powder in Morrars. 

In the ſame manner Peſtles may be diſpoſed to match with 
their hollow Cylinders, which being elevared by the litle pins 
of the Axis, attract the water into the hollow Cylinders, or 
ruſhing in naturally they admit ir through the Cells, then 
falling down by their gravity, they preſs the Water through 
the Tub, and force it to aſcend to an higher place. Or if 
you like not Peſtles fo grear and heavy, and would force Wa- 
ter to a higher place, diſpoſe a pair of Peſtles by a Rope, or 
Chain, put through the hollow of the upper Wheel, and pal- 
ſing over the Periphery joins them, or rather overthwarr, 
like weights joined to a Beam, fo that while one is depreſt the 
other is raiſed. And the pin of the Axis depreſles the Peſtle, 
by whoſe force the water aſcending in the Tub is preſt, and 
the other Peſtle being lifred up draws the Water placed beneath, 
which in like manner is preſt down after that by the pin of the 
Axis anſwering its pinion; from hence ir comes to paſs that a 
longer Axis may be added ro the Wheel, and more pairs of 
this kind of Peſtles in like manner may be diſpoſed, and the 
pins in the Periphery of rhe Axis fo diſtributed, that nor only 
more Peſtles may preſs or force down together, bur every one 
after another, if the power turning the wheel be nor altogether 
ſo ſtrong, if nor, and it ſhould be ſtronger, you may depreſs 
more together, and raiſe thoſe that anſwer them ; unlets by 
chance it pleaſe more,to make uſe of two pair of Peſtles in the 
ſame manner, with ſo many pins placed in the Axis, that in one 
going round of the ſame Axis, the ſame Peſtle may be de; rz} 
LWiICe Or thrice. 

Moreover to this place appertains, what we ſee in many 
places in the Work-houſes of Hammer-Smiths of Copp:r : r I- 
ron, where alſo the outer wheel being turn'd abour, ar.d thc 
force of water failing, the irner wheel in the room turns as 
if it were turn'd by the hand, which radius of the upr er 
Axis is fixt parallel to the Horizon, and a rule joined to it t} ar 
may be folded in the Joints, while it lifts up and deprelles tar 
which is. overthwart ; on the other end of the ſame Axis, ta- 
king up in like manner from hence,and deprefling from hence, 


S I; 
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Ir procures an altern or changable motion to the Bellows ; and 
the other wheel receiving a ſtronger force of Water fallin 
down, and turning its Axis about, the pins fixt at the other 


end of rhe Axis depreſſes the little rafter or leaver, whoſe op- 


poſite end being raiſed, is joyned to a great Iron Hammer, 
which beſides the fall of the Axis with pins of it ſelf, light- 


inZ or falling upon the ſubje&ted copper or Iron being burnt in 
the fire, bears or hammers it. 


In all theſe the Semidiameter of the Wheel is to be conſider'd, 


. in whoſe line branches ſtanding out the water running: into, 


retains the force of the moving power ; but the Semidiameter 
of the Axis is not to be conſider'd alone, bur alſo the length 
of the pins thar ſtick out to be added, ſo rhat from both is made 
one only Semidiameter of motion which is communicated to the 
peſtle, or ro the depreſt end of the Hammer or Sledge. I fay, to 
the depreliſed end of the Hammer, for the elevation of the 
Hammer is ſomewhat greater than its depreſſion that a ſtronger 
blow may follow ; for neither the little rafter or leaver is alro- 


gether equally divided from its Axis on which it ſtays upon, . 
but the Hammer is a little farther from it,than the oppoſite end 


which is depreſſed, and therefore the deprefling force is greater 
than if the leaver were diſtinguiſhed inco equal parts. Like- 
wiſe in the motion of Bellows; frft, the Semidiamer of the 
wheel is to be compared: with the. 2djoining handle, moreover 
the radius fixt to the ſuperior Axis, mult he compared with 
half the piece thar goes a croſs.to which the Bellows are joined, 
and from theſe ro proportions is compounded a proportion 


of motion,or moyement of the power, to the motion or move- 
ment of the weight moved. 


But yet in Mills whoſe grinding ſtone for Corn is.turned.* 


round parallel to an Horizontal plane, yea,and that very ſwiftly, 
that the grain may be diflolved into flower, 'tis not. enough 
that the outer wheel reccives force from the Water turning the 


Axis fixt tO it, . bur alfo the lower toothed Wheel is required to. 
be in the fame Axis ; and that the members,or parts,of the En . 
gin be not multiplied in vain, they commonly ſo diſpoſe the. 


Mill-ſtones, that the Iron. Axis. that ſuſtains the upper Mill- 


ſtone, being furniſht with a place to turn, or run in, obtains. 


the lower place, and therefore the runner as near as may be 
rouches lightly, the upper part of the neither roothed Wheel 


with irs plane, having the. ſame Axis. with. the INOS. 
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/ Bur if the Mill-ſtones cannot be placed in a plane beneath, or 
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above that which turns the lower toothed Wheel, bur only 
4 little beneath, or above, the Axis of the ſame Wheel ; be- 
cauſe the chamfred turning joint Joining very near to the 
Mill-ſtone, and fo turning the Stone, 1s diſtant from the too- 
thed Wheel, and this doth not ſo convenienly, admit of ſuch 
long Teeth which the ſame turning joints, or the little rods of 
the runner, are able ro mix with htly ; therefore there is re- 
quired another Axis perpendicular to the Horizon with a run- 
ner,and a fixt Wheel, which ſhall turn about the lower Wheel 
of this Runner, forcing its little Rods with its Teeth; for the. 
toothed Wheel parallel to the Horizon, being fixt to the ſame 
perpendicular Axis, is turn'd about together, and being joined. 
with the runner of the Mill-ſtone turns it round. | 
Here alſo are many proportions compounded, the firlt 1s 
the/proportion of the Diameter of the outer Wheel, to the Di- 
ameter of the inner Wheel in the fame Axis ; moreover the 


. proportion of the Diameter of the Runner of the Mill-ſtone ad- 


hering to the Milt-ſtone turning round the Diameter ( whe- 
cher the whole Diameter be allowed, or only that part which - 
is the Diameter of the Circle in the rotation of the Mil!-ſtone 
deſcribed from the point between the Centre and the middle of 
the Periphery) and if, as in the ſecond caſe, the perpendicu-. 
lar Axis muit be placed between; beſides in the Compoſition,-. 
comes the proprotion. of the Diameter of rhe” runner to the. 
Diamcter. of the toothed Wheel, perpendicular in the ſame 
Axis; from whence it appears to be better, that the Diameter - 
of the inner Wheel be leſs chan the Diameter of the outer 
Wheel, that the force of the Water forcing this may be more. 
ſtrong; but alſo we muſt rake heed that we do not make it roo 
lictle, ſo that its number of teerhfcarce exceed the .number of 
little Rods of the runner adhering to the Mill, for this will . 
cauſe it to move too ſlowly; and if the perpendicular Axis be in 
the middle, ſuppoſing this equality of Teeth, and of the little 
Rods of the runner, one turning round of the outer Wheel - 
will only once turn round. the toothed.. Wheet parallel to. the 
Horizon, and. therefore in the ſame time the Mill will be on- 
iy ſo many times. tarn'd about, as the number of little rods of 
its runner 1s Contained in the number of Teeth of the toothed... 
Wheel fixt in the perpendicular Axis. 


Buc 
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But as you increaſe the number of times of the Mili's rarn- 
ing round,take heed that the diftculty of moving in like manner 
be not increaſt more than needs muit ; to wit, it the Diameter 
. of the runner in the perpendicular Axis be. excetlively leſs than 
:the Diameter of the Toothed wheel in the ſame Axis ; if fo be, 
a power applied in the runner will be moved much flower 


than a weight applied at the end of the wheel with Teeth, 


and therefore the difficulty of moving increaſed : Wherefore 
all things muſt be wiſely adminiſtred, that neither the force of 
the moving power be tired in vain, nor the Mill be moved 
{lower or {wifter than need is. 

Bur if it pleaſe nor, or the diſpoſition of the place permit 
.not the middle Axis to ſtand perpendicular, but ir happens 
-more conveniently to be parallel to the Horizon, then the Teeth 
.of the inner wheel having the ſame Axis with the outer wheel 
muſt nor be fixt in the plane, bur require to be faſtned in the 
extream Periphery, that they may turn the runner-of the ſu- 
perior Axis, (whether greater or leſſer, according as is needful) 
and with it the wheel that 1s Toothed, not in the Periphery, 


but in the Plane, from which the runner of the Mill is 


turned. | 

Neither otherwiſe than before, is the proportion of force 
compounded, to wit, of the proportions of Tympanes or 
Watcr-mill wheels, or Crane wheels, which have a common 
Axis, as appears from what hach been faid. 

Hence we obſerve, becauſe the moving power is Water, 
that the form of a wheel receiving Water 1s not to be always 
the ſame; for thoſe wheels which are placed in a running 
Water would be inconvenient if they have a very large Diame- 
£zr ; or if bur a little Water falling,the Impetus or force will be 
repelled,” if the little hands be prepared to ſmall. Therefore 
wheels of this kind ſhould have indifferent Diameters, but the 
lirtle hands poſleſs a very conſiderable part of the Axis, being 
diſplaid very nigh the length of the Axis, that ſo by much 
Water running into them they turn round with a ſtronger 
force ; ſo in the River Poe in Irzaly, commonly the length of 
this wheel is 15 Feer, the whole Diameter 9 Feet ; the Dia- 
meter of the neither Stone is 8 Feet 3 Inches, having 108 
Teeth fixed in the plane, and the runner of the Mill 1s di- 


tinguithed into 9 Spindles ; and the Stone of the Mill in thick- 
n2ſs 6 or 7 Inches, and its Diamezer 3 Feet 9 Inches: But | 
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becauſe the mation of Water falling from on high is greater 
than of a running Water, therefore the Diameters of the 
wheels ought to be larger if there be need, and it ſufhces if the 
breadth of the litcle hands be very indifferent, as being in- 
claded in-a Channel or Pipe; by which the Water falling de- 
cays, or is loſt : That is to ſay, a little Water falling from a 
Plane more elevated; hath greater force than from a Plane al- 
moſt Horiz,tal ; and. beſides a wheel of a larger Diamcter is. 
eaſier turned alchough-from leſs water, for it hath greater 
proportion to the inner wheel from the other pairs. More-- 
over the little hands, commonly are plain, or but little bent, 
ſo that the water may run abroad here and there ; neverthe- 
leſs ſometimes they are concluded on each part with a ledge, 
or welt, as it were a little Veſlel containing water for ſometime, . 
ſo that the weight of. the included water helps the turning, by - 
preſſing downwards ; Moreover in an inclined channel, the - 


' force of the water is greater in the lower part than in the. 


upper near the beginning of the fall; ro wit, becauſe water 
naturally deſcending hath an accelerated motion, and acquires - 
an impetus from the deſcent of the antecedent. 

Hitherto we have conſidered of Mills. which are drove by - 
the force of water, adding nothing concerning thoſe which. 
are turned by Men,or by. living Creatures, for theſe have no-- 
thing peculiar, beſides that the Axis of the firſt wheel which 
prozures the motion of the reſt of the conſequent parts, is 
perpendicular to the Horiz9n, becauſe a power moves eaſier in. 
«h.Horizortal plane, than in a vertical wheel, or Tympane,-. 
which is trod or trampled. on ; and inſtcad of the outer wheel. 
driven by the water, a Bar is fixt to the Axis, which they ei-. 
ther draw by Cattle, or work with Men. 

Notwithſtanding we will fay ſomewhat of Mills which 
axe wrought by the Wind, whether they be for grinding of 
Corn, or bruiſing of Fruit, or whether they be: for . working 
of Pumps, whereby waters are drawn from low grounds that: 
are overflowed': For that which belongs to the inner artifice - 
of wheels and runners, are like thoſe which are found in our 
Mills moved by the force of water, unleſs that in thoſe, that 
being remote from a level plane ( if ſo be a fit place be grant- - 
ed, and the wind caught by a large van) they. aſcend. by a. 
pair of Stairs, and the Corn, or Fruit, is carried into the upper 
place which they intend to grind, bruiſe or break, c-- the - 

FIOWer . 
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Flower is transferred from thence : which labour the Miller 
nay be eaſed of, if by the fame labour whereby the wind 
turns the prime Axis with its wheels ; Sacks full of Wheat, or 
Flower, may be taken up,or let down, with a Rope drawn a- 
- bour the Axis, being lapt up, or unfolded: That which iz 
chiefly ro be confidered in this kind of Mills,is that which per- 
rains to the Vans,or Sails, which receive the wind, for even as 
the plane of the wheel is not directed according to the running 
of the water, ſo neither have the Sails ſuch a diſpoſure thar 
-they follow the leading of the wind : Bar the upper part of 
the litrle Houſe wherein the Axis with the-To9thed wheel is 
Contained, 1s turned abour until the Vans, or Sails, are ſet a- 
. g4inſt the blowing of the wind. 

And the Vans or Sails are as it were 4 Ladders conjoined at 
Tight Angles in the end of the prime Axis, each whereof is 
Covered over With Linen Cloath to reſiſt the wind, which if ir 


'be pretty ſtrong, the folded part of the Cloath will admit of 


"ſome paiſage to the wind ; notwithſtanding theſe Vans or 
'Sails, are not fo equally placed, as to be in one and the ſame 
vertical plane, bur the plane of each Sail is placed oblique ro 
'the other ſide, withdrawing it {elf by little and. little from the 
wind ;. whence it makes.the wind running berween the inter- 
vals of the four Sails to repel on the ſides, and as it were ro 
{mite the Sails by an Elbow, and fo the Axis is turned accord- 
ing to the Inclination of the Sails ; for if there were no obliquity 
of the Sails, and all as it were made one plane in which the 
Axis would be perpendicular, it-would be uncertain in which 
part the turning would be ;' that which belongs to the breadth 
or length of theſe kind of Sails ob/quely placed, 'tis not doubt- 
ed bur that the breadth of them-helps the motion very much, 
becauſe being-placed in the ſame ob/iquity, a greater part of 
the Air runs into a larger than a narrower Cloth; and in a 
very- ſtrong Wind, leaſt the velocity of the Engin be over much, 
awe find ſometimes that covering half the Sails with Cloth 
will do; but whether or no 'tis worch while :ro encreaſe the 
length of them, is uncertain: For although a. power more di- 
{tant from the centre of- motion hath more force, notwithſtand- 
ing, becauſe the ends of long Sails are very much diftant be- 
tween :themfelves, the wind having obtain'd a larger ſpace, 
Hath leſs: force; as alſo water flows {wifter, and with a greatcr 
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- endeavour'through. a ſmall narrow place, than it runsthrough 


a wide open Channel; therefore I dare not intirely define in 


theſe kind of Sails, in what place the forces of the moving 


power ſhould be placed, as it were in the centre of verrue, or 


-force; for near the Axis to which they are faſtred, the di- 


ſtance: is ſmall, and the Wind as it were their object being 
ſtopped, blows more {wiftly : And further from the Axis in a 
greater ſpace, it ſlides away more eaſily, and leſs incires the 
courſe of the Sails ; bur for as much as we. muſt not raftily 
appoint the compreſlion of the wind altogether ro an{wer rhe 
'Changeable diſtances of the Sails, which are in the fame pro 
proportion as their diſtance from the Axis ; neither can it c:. 
fily be affirmed, that the force of the Wind by comprettior, 
doth decreaſe in the ſame proportion, whereby the fame mo- 
tion increaſes by the diſtance from the Axis, from wherce there 
would be a compound motion of the diftance- from the Axis, 
-and of the force of compreſlion to be equally diffuſed throught 
the whole length of the Sail or Vane, and therefore the centre 
-of the moving force would be in the middle of the length. 
Nevertheleſs all things rightly conſidered, I eſteem the centre 
of this force to which the power is underſtood ro be applied, 
10 be not far from the middle of the length of the Vane or Sail, 


-unleſs by chance the Vanes ſhould be ſuch, that their breadth 


be increaſt by departing, or ry wage further from the 
Axis, for ſo the diſtance being leflened in the ends of the Sails, 
the compreltlion of the winds likewiſe increaſt. 

Bur if you imagine any inconvenience to happen, by the 
Poles lying upon the lictle Houſe, and its being turned { >, as 
the fails to be again the' wind which they receive ; you may 
on the top of the Houſe in an open place expoſed to all Winds, 
place- an Axis of ſufficient ſtrength perpendicular tro rhe Hori- 


Zon, about which you muſt place the toothed Wheel pa- 


rallel to the Horizon, from whoſe turning abour, the Nill at 


laſt is turned; and the breadth of the fails according ro the 


length of the Axis, muſt be placed in the ſame upper part with- 
out the Roof, that the Wind blowing, they may receive rhe 
force of-it; even as Water flowing, the farce 1s received by 
the little hands of the Wheels. But becauſe plain even ſas, 
ſeem leſs apt ro continue the rotation, fince thote which arc 


Oppoltte ro the Diameter, are at laſt equally expoſed ro the 
force of the Wind, and would be forced neither to the righr 


M hand 
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hand rather than to the left, -and therefore the turning round: 
would ceaſe ; therefore the ſails ſhould be made a little crook- 
ed, or bowing, for by this reafon they will be made fo, thar 
che oppoſits will be unequally: preſt on,. and the Wind-will at- 
tack with unequal force the convex face: of the right, but rhe 
hollow face of the left Sail, to wit, it doth as it were remove 

it ſelf ro the Wind, neither is:the end of its motion very much 
* oppoſed, according to the bowed direCtion of the Wind; and 
I make this hollowing. ſo Og every way, that receiving. 
the Wind, it receives its whale force: Moreover the particles. 
of Wind incurring in the: two Sails that are next each other, 
are refleted from the convex: of one face to rhe hollow of the- 


other face, and increaſes the force, or impulſion ; but if 


you. pleaſe not to- have four, but five Sails, left at any time 
two be oppoſed by the Diameter, I ſhall nor deny it. Cer- 
rain it is, that the length and breadth of theſe kind of Sails 
help. very much, for the larger they are; the more wind. they. 
receive, and the longer they are, the further they be from-the: 
centre-of motion, and have more force : Bur how the Machine, 


or Engin, muſt be ftopt or ſtayed by: folding or unfolding the: 


covering- of Cloth, that it do not work when the Miller would: 
have it ſtand till, I ſhall nor here diſpute, where we are only 


conſidering the force of moving ; neither. doth the ſole-uſe of 
this Mill conſiſt in grinding. of Wheat,or other Grain, bur. alſo: 


in raiſing and turning waters another way, that marſhes may 
be drained, and other things of the ſame kind, which preſent: 
body always moving, they are- not tyed to a certain time, e- 
yen as.in the work of grinding, which is-not always uſed. 
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| A Pully is an Engin conſiſting of one or more little wheels 
| turning eaſily about their Axis, in which a Rope being 
infos þ drawn abourt the wheel, we draw, or raife a weight; there is 
- Mill _ no need of a larger Definition, fince almoſt every one knows, 
_ kes and hath ſeen this kind of Engin, although there are very few 
of wy that underſtand their force rightly, or wherefore they are u- 
he ol ; ſed; and ſometimes *tis wont to be uſed with one wheel only, 
rain, but and then *ris called Monofpaſftos, or of a double wheel, and is 
marſks ar called Diſpaſtos, or *tis trebly multiplied, and is called Polys- 
which = paſtos. 
artain time t 
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PROPOS. L 
A Thorem. 
4 Single immovable Pully neither adds nor dimi- 
mſhes Force. 
Ji Fig. 69. * Er there be a fingte immoveabte Pully A B, fo 


| 4. thar che wheel only is carn'd about its Axis, and 
let the ſnatch block be immovable ; Tfay, that Pully will'nor 
M 2 en- 
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encreale the force of the Power, Properly ſpeaking, ſo that the. 
whole advantage which accrues from ſuch an Engin, is, that; 
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the Rope be. not worn,, and that- difticulty ſhun'd which ariſes. 
not exactly from the weight, bur from the. wearing of the. 


Rope. 


The Demonſtration. An Engin then helps not the Power, . 
when the motion of the Power and of the weight is equal ;. 


but in the caſe propolſed,the motion of the welght,and. the mo- 


tion of the power are equal, which I thus:make appear: Firſt, 


underſtand the weight in D, and the power,in E, draw the 
Rope, and the power drawing the end of the Rope deſcends 
in the point G, and in the mean while the weight D aſcends 


in H, becauſe in both ſites or poſitions the length of the Rope- 
is not Changed, D A E will be equal to the Rope HA G, and. 
by ſubſtraCting the common ſegment HA EF, there remains. 


the lines D H,- E G equal; but E G 1s the motion of the pow- 


cr, HD the motion of the weight ; therefore the motion of * 


the weight and of the power are. equal, wherefore the weighr 


is neither increaſt nor diminiſht, and the. power hath the ſame- 


force only, becauſe if by it {cl ( no Engin intervening ) it be 


toined ro.the weight, it moves ſo much as the weight ; there-. | 


fore the force is increaſed nothing by this Engin ;. which was 
to be demonſtrated. | 


\ 
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PROPOS. II. 
A Theorem: 
A Power is-eafily applied by a fungle tmmovable Pully; 


| Oe there betwo Powers; ſuppoſe Men,raifing equal weights, 
and ler one uſe a. Pully, and the other no ſuch Initru- 
ment, I fay, the firſt. can eaſter apply his force or ſtrength ro 


ſuch weight, than the ſecond ; for either the weight will be. 


placed beneath the Man, or above : If the firſt, the endeavour 
will be ſo, that. the traCtive force of the Man. in ſuch caſe will. 
be poſited in this; that the Man, will be a, little bent, the: force 
of the Nexyes, will. endeavour to . reſtore themſelves to ele 
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wonted reCtitude, or to hinder ſuch bending or crookednels ; 
therefore when a weight is taken up in this manner, -oft-times- 
the endeavour is in- the knees and the whole Body ; or the 
weight to be. raiſed is-placed; in: an upper: place, and then in 
like manner we muſt have recourſe to the force of the Nerves, 
bur when we uſe a Pully hung in an upper place, we may ap- 
ply .cthe weight of our body, beſides this kind of force of the 
Nerves, and oft-times without any endeavour of the Nerves, 


therefore 'uis, not fo'troubleſome. 


PROPOS. 1I.. 


RS «8 þ1-4)1--1118 


_ Large Pullies are moſt uſeful. 


Fir..71.-A ,Lthough as. have ſhewn in the firſt Propoſition, 
that one Pully whoſe Snatch-block is. immova-- 
ble, neither increaſes nor diminiſhes the force. of the power ;. 
nevertheleſs we have {aid alſo, it adds to the facility, becauſe 
that it faves the wearing, or. rubbing of the Rope, bur there is: 
tound fome, although but little refiſtance, in the Axis of 
the Pully, which ought to be rurn'd abour ; I ſay, this difficul-- 
ty will be lellencd, by how. much the Orb of the Pully is grea- 
ter, for than the Semidiameter of the Pully, or: Rundle, is as - 
it were a Leaver, and the Semidiameter of the Axis as it were 
a Cylinder in a whee!, or Peritrcchio, and by how much greater - 
the proportion of the handle is to the Cylinder, fo much the 
ealzer 15 the motion ; as becauſe there is- greater proportion of 
the line G D, to the radius of the Axis, than of the line G B, 
the reſiſtance is eaſter overcome, which is made in the circum-- 
ference of rhe Axis, while the Pully- is turned abour it. 
There is allo another conveniericy in large Pullies, to wit,: 
that the Rope is not ſo often folded, and conſequently nor ſo: 
much rubbed, or worn ; but I ſuppoſe alwaies Pullys to be: 


moveable about their Axes, for it they ſhould not, we. muſt. 
reaſon otherwiſe... 250 
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PROPOS. IV. 


A Theorem. 


A Man may take up a W, erght heavier than himſelf 
with a fungle 1mmovable Pally. 


TY Queſtion hath been pur to me more than once, whe- 
ther or no a Man can take up, or raiſe a weight heavier 
than himſelf, with a ſingle immovable Pully ( 1 always under- 
Rand the Snatch-block immovable ) or whether a man that 
weighs 150 pounds, can raife a weight of 200 pounds ? Bur I 
devide the caſe, to wit, either a man ſo fingly ſtands, that the 
force of his weight, or gravity, only inftſts on the Pavemer,, 
or his Knees, and his whole body ſo indeavours, that the force 
of this endeavour adhears to ſome other Body; if this ſecond 
happen, a man may elevate a weight heavier than himſelf, 
ro Wit, becaufe, beſides the weight of the man which may be 
all applyed, there may be alfo a contrary endeavour from the 
reſiſtance of the Nerves, ſo that while I would rake up one, 
with the Pully I take up more ; ſome Knees endeavour ſo, that 
they cleave to Benches, or Formes, and lift up the Benchcs to- 
gether with them, whence from ſuch endeavour an union is 
made of the Benches with the Man ; that I may better explain 
my ſelf, ſuppoſe a man has 5o pound weight upon his Feer, 
and 'borh his hands to lay hold on a Rope faſtned in an upper 
place, if the weight on the other part be. very great, the man 
may by hanging on the Rope lift up his Feer, and elevate or 
raiſe the weight of 50 pounds, in which caſe, beſides a weight 
equal ro himſelf, he may elevare 5o pounds. 

But if he fingly ſtands on the Ground, experience teaches 
us thar he will only elevate 150 ponnds. | 

Bur we muſt argue otherwiſe in drawing of weight inſifting 
on the ground, or on an inclined plane, for ſince weight doth 
nor preciſely reſiſt an Herizontal motion, a certain rule can 
icarce be made ; for ir depends on the evennelſs of the body 
on which the weight ſtands, or lies. 
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PROPQS. V. 
A Theorem. 


Many immovable Pullys. neither mcreaſe nor diminiſh 
the force of a Power. 


Fig. 752.) Ft the ſeveral Pullys be EF G, whoſe Snatch- 

blocks-'axe immovable; I ſay, although we uſe- 

them alrogether,- the force of the power i neither augmented. 

nor diminiſht: For let the power be in A, and the weight in 
E, draw the Rope in B, and the weight aſcends in D.. 

The Demonſtrat.on. Forces. of Powers are neither diminiſht. 

nor increaſed by» an Engin, when the motion of the power is 


equal to the -motion-of the weight; but tn this caſe ir thus. 


happens ; for when the Rope AEFGC, is the ſame by ſup- 
poſition,. as the Rope BE F G D, they will be equal, and: the 
common ſegment A EF GD being taken away, thcre remains.. 
D.C equal to. A B.; but AB is the motion of the power, and:: 
D:C'the motion ofthe weight, therefore the motion of the 
power, and of the weight are equal, and therefore the forces. 
of the power are neither increaft. nor decreaſt, which was to.. 


be demanſtrated. 


— CC_—_—_ 
eng —_ 
* 
- - 


PROPOS. VEL. 
A. T keorent 
4 Weght Dang 10 a movable Pally its balf” part: ts: 
Dimmiſhed. 
Fiz. 73. Et the Pully be-A, and its.Snatch-block movable; 
4. anda weight hung to it, and. the power in D.; L 


ſay, the weight will be lefſened an half part, fappoſe the pow-- 
er to-be {0 moved, that the Pnlly A afcend.to.E. _ Fbs: 


88 Mechamck Powers. Book IV. 
The Demonſtration. That the Pully A be placed in EF, the 
power ought tobe moved as much as the-length-of-rhe-Chords 
C F, GD, for from the point C to D, is the fame diſtance as 
between F and G; but CF, GD taken together, are double 
the ſpace AE, to which the motion of the weight B is equal 
-as appears, therefore rhe motion of -rhe power is double-the 
motion of the weight ; but ( by the firſt principle of Mecha- 
nicks ) as often as the motion of the-power is double the mo- 
tion of the weight, the whole force of the power 1s:doubled-; 
therefore in our caſe rthe:'force of the -power is doubled in or- 
der to ſuch weight, or which is the ſame, the weight is di- 
minifht an halt part, which was to be demonſtrated. 5 - 

Bur 1f in ftead of the Hook C, there be added one power 
"which ſhall be equally -moved with the, power:D, we that 
hnd by +ryal -only an half part of the weight, in the ſame 
manner as if they bore rwo weights equally dittanr, hung roa 
Beam or. Leaver. | 3 a \" 


3 


— 


PROPOS. VI. 
A Theorem, PE 
4 Power applied to a moveable Pully, diminiſhes an 
half part, i reſpe&# of a Weight hung, on one end of 
a Rope. 


f 


Fig. 74TJ* in Rtead-of the weight B-being hung, a power be 

| F applied ro the ſame Pully, and the weight hung ro 
the Rope D, 1 ſay, the force of the Power is diminiſht an halt 
part. | 


The Demonſfratim. As 1 ſhewed before, the motion of the 


weight will be double the 'motion 'of the power, and there- 
fore ( by the firſt principle of: Mechanicks) the forces of the 
power are leſtned, and the forces of the wejght increaſcd ; 
which may likewiſe he ſaid of two weights, tro wit, as when 
the weight B of 100 pounds is made in equ4{ibrioin the point D, 
or which way ſoever the Rope G D ſhall require 50 pounds. 

; Corot- 
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Corollary. 


Hence it follows,that an immovable Pulley is a Leaver of the 
firſt kind, of equal Armes, and a movable one is a Leaver of 
the ſecond kind, or in like manner of the third kind, of equal 
Armes. 


_ Cu ——— — — — — — —— —— — 


FRO E173. VAI 
A Tneor Clit 
If to move he Wheels of a Dial, or Clock, for 1 2 Hours, 


there be required a weight of 50 pounds, ani the 
werght deſcend 20 feet, keeping the ſame deſcent, 
aweght that ſhall move the Click, 24 Hours will rc- 
quare to be 100 pounds. 


E [86 propoſition which may eafily de deduced by the Coro:- 
lary of the precedent propoſition, becauſe of the com- 
monnelſs of its uſe, may be propoſed in this manner ; ſuppoſe 2 
common Clock thar requires a weight of 50 pounds to keep 1f 
11 motion, and ſuppoſe the place where the weight deſcends to 
be'2o foor only, and this deſcent ſerves for 12 hours; and we 
would, keeping the ſame deſcent, have a weight to ferve for 
24 hours, I defire the magnitude of the weight ; I ſay, the 
weight required muſt be 100 pounds. 

The Demon. Suppoſe the motion of the Clock and its reſiſtance, 
tO be after the manner of the motion of the other weight, *tis 
certain by the ſuppoſition that the reſiſtance of the Clock tor. . 2 
hours, 1s leſs than of a weight of 50 pounds being movable 
20 feet; but the motion of the Clock tor 24 hours is doubie of 
that which is made in 12 hours, and in like manner a weight 
of 100 pounds as movable 2o feet, is double of a weight of 
50 pounds that-moves the ſame ſpace, therefore the motion of 
the Clock for 24 hours will beleſs than a weight of 100 pounds 
moving 20 feet, and will be excceded by the ſame exccls. 

N And 


os Mechanck Powers. 


move, it may be done with no charge by help of a Pulley, in 
that manner as is ſhewn in the 7th Propoſition, viz. If the 
Rope be faſtned firmly art one end, and the other end join 
cloſe ro the Cylinder of the Clock. 

But if another leſs proportion be required, to wit, as 2 to 3, 
or as 3 tO 4, the Diameter of the Cylinder on which the Rope 
g0es about in the Clock muſt be leſſened, according to the 
proportion given reciprocally, that is, if for example it be re- 
quired, that the weight of the Clock ſhould move 18 hours, 
when before it moved only 12 hours, the Cylinder muſt be 


leflened according to + part of its Diameter; bur if there be. 


required a quadruple proportion, two movable Pulleys muſt 
be made uſe of. Laſtly, If a proportion much greater be re- 
quired, add one Wheel to the Clock. 


—_—_— 


FROPOS. I 
A Theorem. 


In Diſpaſto, or two Pulleys, rf the cord of a movable 
Pulley be only turned avout the Wheel, and 1s not 
faſtned to its Snatch-block, or weight, but to the 


ummovable point, the power will be only doubled, 
which draws by the other end. 


_ 


big. 75. Ecauſe there are many ways which Ropes may 


' be purabour Pulleys, from whence follow ſeve- 
ral augmentations of a power ;. I will undertake to explain 
this in the firſt place, to wit, it one end of the Rope AD CE be 
taſtned in the unmovable point A, or to any other point, as. 
the point B, and be rurn'd about the Pulley D, then about the 
Pulley C, and. be drawn by theend E ; I fay, the force of the 
power placed in E, with reſpect to the weight hanging at D, 
is doubled. | 


The Demonſtration. The point E is equally moved with the 
HT point 


Book IV.. 


And the way to fit that weight is eafie, for if it be required 
preciſely to move in a time double ro that wherein ir did: 
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point F (by the firſt of this) but the point F is moved with a 
double velocity to the weight hung in D, (by the 7) therefore 
the point Eis moved doubly ſwifter than the weight D ; but 
E is the place of the power , therefore the power is moved 
doubly fwifter than the weight, and (by the firſt principle of 
Mechanicks) the force of the power E is doubled : Which 
was to be ſhewn. 

Secondly, Let the end E be firmly fixt, or unmovable in the 
point E, and draw the Rope upward from the power placed 
inthe point A ; I fay, in like manner the force of the power 
is doubled, and the Pulley C is uſeleſs. 

The Demonſtratiom. When the Segment of the Rope E C FP 
in this caſe is immovable, it will be the ſame as if the Rope 
were faſtned in the point F, and one Pulley uſed only, but 
(by the 6th of this) one Pulley placed in this manner, doubles 
the force of the power, therefore alſo in this cafe, the forces 

ofthe power are doubled : Which was to be ſhewn. 


Corollary. 


Hence it follows, that if the power be D, and the weight in 
E, the end of the Rope fixt in the point A; I fay, that in 
this caſe, when the motion of the weight is doubled, the 
force of the power is leſlened. 


LL. FI y__ >. —— hs m a — C— — 
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PROPOS. X. 
A Theorem. 


I» Diſpaſto, or two Pulleys, if the end of the Rope 
be faſtened to the movable Snatch-block., and the 
rope be turned about the ſame wheel, the power will 


tripled, or threefold. 


Fig. 75. L the end of the rope be faſtened in the point J 
of the moyable Snatch-block, then curn it abour 


the wheel of the immovable Snatch-block B; and again, turn 
N 2 It 


/ 


O02 Mechanick Powers. | Book IV. 


it about the wheel of the movable Snatch-block I, and let 
the power be in the point C, drawing the rope upwards. IT. 


ay, the force of the. power is.tripled. 


The Demmſtration. Suppoſe the: pawer C ſo to be moved, 
that the Palley- I, touch the Pulley B; In this caſe there is left 


only ſo much of the rope as is required to compals both the: 
wheels, to. wit, as much as the portion F BE, and G HI; 


and the motion of the drawing power from C is equal to the: 
reſt of the rope, or to-the parts AE, F G, HC; bur thoſe 
parts taken together, are triple the motion of the weight, ro 
wit, the line I E, therefore the motion of the power is triple 


the motion of rhe weight, therefore the forces of the power 
are tripled : Which was to be ſhewn. 


L— 


4 


PROPOS. XL 
A Theorem. 
& Tripaſto, or three Pulleys. If. two Pulleys are- 


emmovable , and one only movable, the power ts. 


tripled. 


Fig. 76. Er there be three Pulleys, wherein two of them 

. A and B are- immovable, or immovable in the 
Snatch-blocks, and ler the rope be faſtned in the point C; 
then turn the rope about each wheel, as you ſee in the figure, 
and ler the weight be-D, and the power in E: I fay, the 
Power 15 tripled. 


- The Demonſtration. The pointE is not more moved than tte 


point F, and therefore the Pulley B is only uſed for convenien- 


Cy ſake. But the point F (by the 10th of this) js moved triply, 
or threefold {wifcer than the weight D, therefore in this Gifpo- 
fition the power is triplicated ; which was to be ſhewn. 

Bur the end of the rop2 C could not be faſtned to the up- 


per Snatch-block, otherwiſe one of the upper Pulleys would 


have been. uſeleſs, 
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PACO POS: All: 
A Theorem; 


I Triſpaſto, or three Pulleys, two of them bemeg 
movable in the ſnatch block, quadruplicates the 
power. 


F there be three Pulleys, wherein the two lower: 
ones AB are moveable; I ſay, the Power in C 
in this.caſe is Quadruplicated. 

The Demonſtration. Underſtand the power C to be fo moved 
in drawing the Rope, that the Snatch-block A B, touch the 
Snatch block E, there remains about the Pulleys a Segment 
of the Rope equal to the Segments DE F, I BK, GAH; 
the reſt are drawn by the Power, and meaſure the Motion of 
the Power : But the Segments D I, LG, FH, CK are qua- 
druple the ſpace L G, therefore the Motion of the Power 
is quadruple ; which was to be ſhewn. 

Notwithſtanding, becauſe this kind of drawing upWards is 
inconvenient ; a Pulley ſhould be added in the Upper Snatch- 
block, and then its force will be quadrupled, for the Pulley. 
!s Ohly added for conveniency. 


Fig. 99. 


PROPOS: 
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PROPOS. XIIL 


A Theorem. 
IF the Lower Snatch-block be moveable, and the Power 


draw upwards, the Power is ſo many times multt- 


plied as are the drawing of the Chords. 


Fig. 77. ; the Snatch-block A B be movable, and the 

Power C draw upwards ; or that the Propofi- 
tion may be more Univerſal, let it draw againſt the immove- 
2ble Snatch-block, then the Power is multiplied ſo many times, 
as there are drawings of the Chords, becauſe then either rhe 
*nd of the Chord being faſtned, is in the upper place, and bee 
Ing drawn, the pairs will be doubly more than the lower 
Pulleys; bur the lower Pulleys double the Power, and by the 
4J-monſtration, if there be one below, there is no need of the 
apper one, as is ſhewn in Prop. 6. and the force js doubled ac- 
-ording to the proportion of drawing. If there be two below, 
and one above, 'tis ſhewn in the precedent Propoſition, that 
the power is quadruplicated ; and ſo of thereſt. 
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PROPOS. XIV. 
A Theorem. 


Tf the lower $ natch-block be movable, and the power 
draw downwards, the force of the power 2s ſo ma- 
ny times multiplied, as there are drawing of the 


chords, one leſs. 


Fig. 75, *'JIS ſhewn that the force of the power in F 
673 ; mT 
is the ſame as in E, but if the power be in F 
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and its force multiplied according to the number of drawings, 
ro wit, triplicated, and in E there be added one drawing of 
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the Chord ; this drawing of the Chord, which is added, in- 
creaſes not the force, therefore ought not to be computed. 


—_—_—_ 
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PROPOS: XV: 


IF the lower Snatch-block be movable, and the rope be 
faſtned to the movable Snatch-block. , any lower 
Pulley deubles the power , and renders one upper 
power only equal to the werght. 


Er there be any number of Pulleys in which the Snatch-block 
of the lower 1s movable, to which faſten che end of the. 
Rope; I fay, If there beore upper Pulley, the power isequal tothe 
weight ; if one be added below the force of the power is 
doubled,and ſo the power will be triplicated,but the reſt of the 
upper ones add nothing, that is, if there be two upper ones, 
the power will remain tripple of it ſclf ; if another be added 
below, it will be quintuple, and ſo on, which are all demon- 
ſtrated, particularly in the foregoing Propoſitions. 


CTY 


WW” — —_ — 


PROPOS. XVI 


If the lower Snatch-blcck be movable, and the rope 
faſtned to the upper, as many Pulleys as are below, 
ſo many times the power is doubled, the upper ones 
ſerve only for convenency. 


F" any number of Pulleysin which the Rope is faſtned to an- 
immovable Snatch-block, the power is ſo many times dou- 
bled, 
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bled, as there 1s lower Pulleys, or in a movable Snatch-block : 
Thar is, if only one be in the movable Snatch-block, the 
force of the power is doubled ; if rwo, "tis quadrupled ; if 
three, *rtis equal to ſix powers, and fo on, ſo that no propor- 
tion ought to be had of the upper Pulleys, or of their being 
in an immovable Snatch-block. 

The Demonſtration. *Tis ſhewn in Prop. VT. that *tis fo in 
one Pulley. In Prop. IX. 'tis ſhewn to be (o in two Pulleys, 
to wit, that the power in both cafes is doubled. In Prop. XII. 
in three, or more Pulleys 'tis the ſame ; the like proportion may 
be demonſtrated in others. | 

Whatſoever is ſhewn concerning the railing of weight up- 
wards, is to be underſtood of any other motion, whether 
Horizontal, or any other, to which weights reſiſts; alſo of any 
reſiſtance that we undertake, to overcome by Pulleys. 

Alſo as we compare the power with the weight, we may 
in like manner compare two weights between themſelves ; 
likewiſe if you place the power in the place of the weighs, 
and in like manner, if the weight obtain the place of the 
power, the weight will be increaſt with reſpect to the power, 
or the power diminiſhr, which words are all of one {1gnitica- 
tion ; and: the moving power may obtain the place or the 
weight, as often as the forces are abounding ; but a moſt {witt 
morion is produced in a weight, which ftmply from a power 
cannot be produced without an Engin, becauſe the power 
cannot move itſelf with fo much velocity ; which principle 1s 
tobe underſtood in all Engins. 


—_ <= PCW — —— > ——O———  _ _———— —— 


PROPOS. XVIL 


To diſpoſe Pulleys ſo that according tothe number of the 
Pulleys, the power may always be mncreaſed continu- 


ally in double proportion. 


Fir. 78. þ 29 increaſe of power by Pulleys hitherto treated 
A on, ſcems to proceed only according to Arith- 
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metical proportion, ſo we ſhew in the precedent propoſitions 
thar according to. the-number of Pulleys, placed in the move- 
able Snatch-block, the force of the power 1s doubled ;|row we 
wil inſtitute another-diſpoſition, wherein if there be only one 
Pulley, the force of the power will be doubled, if rwo, qua- 
drupled, : if three, - it will be otuple, if four, the power will 
be equivalent to ſixteen, and fo of the reſt. _ 7 
Suppoſe a weight to be raiſed being faſtned to a moveablc 


- Pully B,and- let. one end of... the Rope-be fixt-in the point CG, 


and the other end of the ſame Rope reach. to the Snatch- 
block C, in like manner let another Rope F C D be firmly 
fixt in F, and the other end fixt to the Snatch-block D ; let 
there be a third Rope E DH, one end of which faſten well 
in the point E, and let the power bein H ; I ay, the pow: 
in H of ir'{elff being equal to che: weightabeing '1o diſpoled, 
is oftuple of:the weight: KY a 


w - 
- = 
. * 


Cf » *14 *. £ - F X 
The Demotlftration. *TiS ſhewn far Prop. VI. of this) thar 
the power in H is moved with a double velocity of the Snatch- 


' block D, and the Snatch-block D doubly ſwifter than C; 


and C doubly ſ{wifter, or as ſwift: again as B, theretore H iS 
moved eight times {wifter than the weight, and (by the firſt 


- principle of Mechanicks) will have eighr--times greater: force 


in reſpe&t of the weight ; therefore *ris ſuftcient that the 
power be ſuboCtuple of the weight ro be. in equilibrio with 


the weight, 


Or it may be demonſtrated by any Leaver, for agÞþulley 
diſpoſed in this manner, is a Leaver of the ſecond kind, in 
which the weight is preciſely in the middle berween the pow- 
er and the prop, or Centre. IE Fa WS 


i... A. —_— 
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A Theorem: *:- + 


By Pulleys any weight may be moved by any power. 
Irſt, If the power be never fo little. greater than the weight, 
, It. maybe moyed. by any Pulley that only helps the-ap- 
plication, .but, if, it be equal, and'the Pulley diſpoſcd- after. the 
6 Fe {ccond 


Mechanick Powers. 
lecond manner, the weight will þe more eaſily thoved-;' but. 
if the power be leſs, as if it be to the weight as.one to'eight ; 
IE Pulleys diſpoſed in this ſecond matiner, or'eight*Pulleys 
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1 
di | 
re(iſtance of the weight ; ro wit, if there be a' greater- pro- 
portion of the motion of the power tothe motion-of the' weight, 
than of the weight to the power: - EDT Se cVE las # os 
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A. Screw 1s a Cylinder wrought - 1n-one- or more ſolrd 


 JIYHTYE, 


- another concave cylinder, cur in like manner in- 


' to concave S$pires, ſo thar the convex Spires or. 


Hetices of the former Cylinder, fit to the concaves which are 


put upon them. The concaye Cylinder ſometimes is fixt and im-.. 


moveable, and-in this caſe, the Screw belidesits circular motion, 


hath alſo a right motion, whereby the whole Cylinder goes. 


forth. Sometimes the Sgrew is immoyable, and the concave Cy- 
linder 3s only moved, and commonly a ſimple Cylinderis added 
co the Screw, into which a handle is grafted or fit, as in A B 
the handle B C is adjoyn'd, that it may be moved round more 
. ealtly ; hicherto. Authors. have- ' recalled the Screw * ro -the 
Wedge, and the: Wedge to - the iLeaver, or to the motion-of 
a weight on an inclined.plane, as it” you underſtand- DE. jo 
i) 6 


poſed in two Snatch-blocks, - will eafily overcome*the whole: 


. E © « 
a Aa . 
CE—_—_ ha C_—_—_ — 
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We or Helices ſwelling out, as appears in the 


Fig.. 79. \ ND the ufe of it is common, for *cis. pur into - 
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of Machines, than by ſuch reduCtion. . 


— —_—_— tw. _— —_— 4 
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 - A Theorem. 
A To explane, and meaſure, the force of the Screw. 
Fig. 79- EZ the Screw 'be AB, furdiſht with irs handle BC, 
for alſo in leſler Screws of Iron which are made 
= va uſe of to ſtrain ſomething, there is added a head farnithe with 
| a notch or cleft, that there may be put in ſomething of Iron, 
"7 wut þ which may obtain the force of a handle; ' And let the power 
# be applied in the point C, and underſtand * one circumvolu- 
appears wi tion to be made, or the circle C K L ro'befdeicribed: in the. 
mean While the weight aſcends, from 'one/circumvoiution of 
_ theSpire to another, to wit, as much as is the line-N' O.: - An: 
for is-pat interval, or ſpace, equal to the line N'O' comprehended be-: 
like mane" rween the rwo Spires, is found 100 times in the circumference 
Convex Ws CKL; I fay, that it may be in «uilibrio, there is required: 
ICaves I: ſo much power as is only ſubcentuple of the weight;'-that is, 
mes whoa; , if the weight be 100 pounds, it requires a power only equal ' 
circular, YO SANMRCCINGNAGDASTIMCT'S 54) ([150D Tmeem TER Ing | 
le Cylinki 6? The Demonſtration. *Tis then in” Equilibrio,” when the mo- 


plinderb# 
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wed coun 
Screw 0 
g the mow 


wb, 


theconcitl 


tion of the power is to the motion of the weight, as the- 
weight it ſelf is to the power, bur in our cafe the motion of 
the power.. js centuple the motion of ' the weight, and the 
weight an hundred told'of the power ir ſelf; therefore *tis in 
Equilibrio, whence if the power be'a ' little - greater or more 
than one poand it' will 'overcome the rehiſtance' of the weight. 

COWS hen, 5 By bh Corcitary, 
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ys 2 Ng 215 Hr 417 4d rephl, 
© Corollary. ILPEIOTY (A 
| If the power be applied to the wood D E; fo that it move 12 
downward by a right line, and not circultar, notwithſtanding 100 pou 
1t will compel the Screw to moye circularly, and'let'the weight nh the 
be in C, the power requires. to be, centuple of rhe weight ro. nd (tt 
move it. But if the wood D E b® moved circularly, and the one a00t 
weight afcend upwards in a right line with the Screw ; as if rhoſe 
you feign the weight to be B; the whole circle deſcribed by he force 
the wood would be compared with the circumference of the (x, the 
line N O, which meaſures the aſcent of the weight in each a6 hath it 
Circulation. | ED While tN 
| deſcends 
— _ —— middle 
| fore the 
A-RAQRO Se: Mc: :-- | Proportic 
: therefore 


635315, 


A Theorem. rakentt 


The | at vers-uſes of fngle Sctews. 


Fig. 80. TJ: uſe of ſingle Screws are various, and for the 
moſt part they are uſed. ro ſtrain, as appears in 
the 79th Figure, in, which the Screw AB is faſtned in the 


hole B, alſo'tis furniſhe with itsSpires, bur the hole C is fingle, 


and conſiſts of no Spires ; while the head of the Cylinder ar- 


rives in C, and the Screw is turned abour, the woods B D, . 


C F, will come, or meet together, and the force of the power 
will be increas'd according to the proportion of the circle de- 
ſcribed by the end of the handle AE, to the interval of the 
Spires, or Helices. Ye pi = Sos Sg 
And the ſame effe& follows whether the wood B D be made 
immovable, and ſo the wood. C F, came to that,. or the con- 
trary. | 
The ſecond kind is, Fig. 81. when the Screw is at one end, 
and the wood to which *cis faſtned, is at the.other end, and 1s 
immovable, and then the power will be mixt, to wit, of the 
Screw and Leaver, as in this figure, if the Screw A B, be in- 
grafted ro the wood AC, in the point - A, and the piece of 


timber to which 'cis ingrafted be fixt in the point C ; and the 
_ weight, 
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weight, or that which reſiſts the preiling, be in the point D» 
C A will be a Leaver of the ſecond kind. 

And that you may meaſure the force of this Engin, ſuppoſe 
it a Wine-preſs, and let the beam C A be equal to a weight of 
200 pounds, that is, if it lies 'on a parcel of Grapes, it wilt 
make the ſame compreſſion as 200 pound weight will make; 
and let the Screw be ſo made, that each ſpire be diſtant from 
one another one inch, and the handle BE 7 feer, ſo that its 
whole circumvolution will be 22 feer, or 264 inches, and let 
the force of the man that preſles, be equal to 100 pounds ; I 
fay, the man alone hath ſo much force to preſs the Grapes, 
as hath the weight of 5280 pounds ; the reaſon is clear, for: 
while the man-runs over 22 feet, or 264. inches, the beam A 
deſcends only one inch, and the weight D, which 1s in the 
middle of the Leaver A C, is only moved half an inch, there- 
fore the force of the power is increaſed, according to the 
proportion of 264. to +, or of 528 to 1 ; but the power 1s 100, 
therefore the force of the man, uſing this preſs, will be equi- 
valent to 52800 pounds ; which was to be ſhewn. 

Fig. 82. The third manner will be, if you make uſe of 2 
Screws, which are moved together, or ſucceſſively after each 
other, and one in reſpect of r'other, hath the proportion of a. 
Prop, or Hypomcclion ; as if the Screw A be moved, the 
Screw B not being moved, the point B will be the Prop, with: 
reſpe&t to the Leaver A B, which belongs to the ſecond kind 
of Leaver. 

Fig. 83. To this kind of power are recalled the Vices which . 
Iron-\miths uſe, likewiſe the Preſles which Printers uſe, and 
many other Inſtruments, whole forces we may meaſure by the 
ſame principles. 


P R 0P (27S. 100 
A Theorem. 
Of Compounded Screws. 


Fig. 84. | call that a compounded <Ecrew, whoſe convex: Cy- 
linder: is not ingratted, or fitted, into its corce- 
{pondens 
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{pondent concave, but is mixt with other powers. And firſt, 
if the Helices of the Screw be fitted to a toothed wheel, 'cis 
call'd an infinite Screw, or moving in zfinitum, the forces of 
this power are wonderful, for ſuppoſe a wheel to conſiſt of 50 
teeth, alſo let the Axis be A, about which the rope goes 
round ; and let the handle B C, be to the Semidiameter of 
the Axis, as 4to 1, and let the power of the man be equal to 
100 pounds ; I ſay, the man being turniſht with ſuch an Engin, 
is in Equilibrio with a weight of 20000 pounds, and the man 
will be equivalent to 200 men. 

The Demonſtration. The handle B C ought to make 50 cir- 
cumvolations, while the wheel only performs one, becauſe 
that every circumvolution of the Screw impels only one tooth : 
Therefore while the handle BC is turn'd round 50 times, 
the Tympane A is only once turn.d about ; bur the circulation 
of the handle is to the circulation of the Tympane, as 4 to 1, 
therefore the motion of the power applied in C, is to the mo- 
tion of the weight, as 200 to 1, therefore by reciprocation, 
the power as of 1 pound will be in Equilibrio with a weight 
of 200 pound, or as 10010 20000, Which was to be demon- 
ſtrated. | "Yr 

Burt if inſtead of the Tympane A, you uſe another Screw, 
to whoſe wheel the ſame number of teeth ſhall anſwer, one 
man will be equivalent to 10000 men. If you make uſe of 
three Screws in the ſame manner and order, with wheels ar- 
ſwering to them, one man Will be equivalent to- 100000 
men. | | 

Nevertheleſs, {carce. any Epgies are ever made ſo ſtrong, 
bur in practice they become unuſeful, becauſe, rhar either the 
ropes break, or that which they are faſtned ro, is not able to 
ſuſtain, or the teeth, or other parts break, the weight being ſo 
extraordinary. CS Ton 

This Engin is moſt uſeful, as often as the motion is to be 
diminiſhr, as when, tor example, we have a wheel in a Clock, 
which is turn'd round once inevery hour, if you defire a mo- 
tion 12 times flower, the Axis of this firſt wheel, muſt have a 
Screw, to whoſe ſpire the teeth of the other wheel, muſt be 
ingrafted, which mult have 12 teeth, and ſo you will have a 
motion. 12 times lower; ſo if in a Clock you havea Wheel, 
or Axis, which is turn'd abouurt twice in a day, which is fur- 
ziſht with a Screw, .and anfwers to a wheel, having 59 en, 
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this ſecond wheel will be once turn'd about in 29 days and 
z Which is the period,.or circuit, of the Moon, and ſo of the 
reſt. He that deſires more concerning the Screw may conſult. 
Ubaldus. 

I ſpeak not here concerning a cor.cave Screw, which is on: 
among Hydravlic Engins, and which properly belongs ro ar; 
inclined plane; the benefit of a Screw are theſe. The firſt ad- 
vantage 1s, that the motion of.the weightis more. diminiſht by 
one ſpiral line, than by many roothed wheels. Secondly, 
without any ſtay, although the power be relinquiſhr, the. 
weight ſcarcely falls back again, and therefore muſt remain 
where it 1s. 

The more Hclices there are. in a Screw, and the more ob- 
lique, and the longer that the handle is, the eafter the weight 
is moved; and in a concave -Cylinder,. (or. the. mother) the - 
more Helices there are, the leſs the Screw ſuffers, for when. 
there are many Helices, the weight © is diſtributed in them; 
which would preſs, or Iye on one only. 

Fig. 85. To this Engin we may refer a certain invention ob- 
vious enough, which we do not ulſc to increaſe the force of 
power in order to motjon, bur only. to ſuſtain a weight ;. For. 
if about any Cylinder there be made a hollow ſpire abour 
which a rope is turn'd, it you hold the rope but ſlightly, or 
preſs it again the Cylinder, the weight, although it be grear, 
will be ſtayed by the Ropes, being adjoin'd ro the Cylinder: 
Theſe Channellings, or Hollowings,. are uſeful if any one he 
minded to deſcend from a high Tower without. danger, and 
that ſwiftly, or ſlowly, according, to pleaſure. | 

Awgers, Wimbles, and Piercers, are referred to the Screw, 
which enter the eaſier, by being made ſharp in the nature of 
a Screw, as experience teaches, in great Awgers, with which 
Pipes are boarcd to convey Water from Fountains, becauſe its , 
apex repreſents the figure of a Screw, which of its own accord; 
enters the Wood 1o that there is buy lictle need of Force, 
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WEDGE 
—n Ne ons 


A. — 


CO" 
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Lthough the Wedge be a ſimple Inſtrument, and there- 

fore of ſome, is ſcarcely aſcribed ro the number of 

Engins, nevertheleſs it is of ſuch force, that deſervedly it finds 
a place here. 


The Wedge is a triangular Priſme, whoſe two reQangles, 
end in a common right line. 

And that it may be uſeful, ir ought to be made of ſolid 
matter, as of Iron, or Wood, and ſuch like. 

Its uſe is in the cleaving of Wood, - parting of Stones, and vant 2 Point 
dividing other bodies that may beclefr, or cloven ; a lit being xe; (6 
made in the body, the edge of the Wedge 1s thruſt in, and lame, touchi 
and a ſtrong percullion being added, forces in the Wedge. By, 85, \ 


Mane, if ( 
D—e————_—C A oe - _ — m det m—_—_— ——_— : 
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PROPOS. I. 
A Theorem. : 
The force of the W, edge explained : 


Fig. 86. Ivers reaſons are alledg'd for the force of the 
EF Wedge, and firſt from Ariſtotle; in Queſtion 17, 
"the Wedge is recalled to a double Leaver of the firit kind, in 
this manner, to Wit, let the Wedge be A BC, Ariſtotle anger 
ands 
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ſtands the line A B, as a Leaver of the firſt kind, whoſe prop 


is D, the power in A, and the weight: in B, to wit, in the 


end, or cuſp of the Wedge : In like manner ler B C be ano- 
ther Leaver, whoſe prop 1s in E, the power in C, the weight 
in B. neks OTE] | £7 ES | 

Notwithſtanding, this explication 1s altogether contrary to 
the proportion of the Leaver ; for by how much greater the 
diſtance is of the power from the prop, the greater 1s the 
force of the power, in other like caſes; but in this caſe it is not 
ſo, for if the Wedge be made ſhorter, and the power be 11 
K L, and not in A, nevertheleſs the force of the Wedge will 
be the ſame: I ſay, the ſame of the leaver CB. 

The ſecond is falſe, that-the Wedge touches the Body to be 
divided with its point, or edge, becauſe, that for the moi 
part the extreams D and E only touch ; neither when we mea- 


| ſure the force of the Wedge, do we regard the proportion 


which is found berween A D and D B, bur how much the 
ſharper the Wedge is, or the leſſer angle ic contains, the eafier 
it divides. | 

Whence Ubaldus in his Mechanicks imagines, that if the 
Wedge be recalled to a Leaver, 'tis to be explicared by : 
double Leaver of the ſecond kind, whoſe common prop is in 
the -edge, or point B, the power in A and C, bur the ſame 
inſtances occur as before ; I add moreover, that a Wedge 143) 
want -a point, and nevertheleſs be as apt to divide as it was 
before; ſo that the inclination of the planes remains the 
{ame, touching in the points in which the body is to be cleft. 

Fig. 87. Wherefore others recal the Wedge to an inclined 
plane, aSif the body to be lifred up be A, under which the 
Wedge B is laid, that body being moved upon an inclined 
plane, for 'tis all one, whether the body be drawn upon the 
plane, or the plane move under it, for to aicend 'tis thought 
the ſame ; therefore there are in the Wedge two inclined 
planes. This conſideration is not abſurd, nevertheleſs, I con- 
rend that the whole difficulty remains, to wit, that the whole 
doctrine of inclined planes is alike hard, labouring under the 
{ame principle, wherefore 

Hay, The reaſon why the forces of the power are increaſed 
by the Wedge, is, becauſe the power is moved much, ard 
the weight bur little, or the greater motion of the power is 
compared with the leſſer motion of the weight, and arejoyn'd 
together. P Which 
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Which I ſhall ſhew, as in the Fig. 86. let the Wedge AB C 
be very ſharp, which by one or more percuſlions runs into the 
wood, the ſpace BF, in the mean while that the parts of the 
wood are ſeparated from one another according to the 
ſpace D E; if the Wedge cqntain an angle leſs than 
60 degrees, B F will be greater than D E, and the power is 
moved according to the line B F, and the weight according 
ro the line D E, wherefore ſecliding percuſſion which way 


ſoever, if the power ſimply impel the Wedge, its forces are - 


increaſed, according to the proportion of the line B F to the 
line D E. 


- —  — 


PROPOS. II. 


The ſharper the Wedges are, the greater force the 
add to the power. | 


L5 there be any 2 Wedges, whereof one is more acute than 
the other ; I ſay, that which is moft acute, confers the 
greater force to the power ; for þy how much the motion of 
the power, is greater than the motion of the weight, it hath 
greater force in reſpect to that weight. But a more ſharp 
Wedge is ſuch, that it requires a greater mction of the power 
an ella to the motion of the weight, for in two triangles, 
having an equal baſe, that which hath the angle oppolite to 
the baſe molt acute, will have the longeſt fide : Bur in the 
Wedge, the baſe meaſures the motion of the weight, ard the 


{ide the motion of the power, therefore Wedges moſt acute are 
moſt powerful. 


Corollary. 


A Wedge whoſe angle is greater than an angle of 60 de- 
grees, rather decreaſes than increaſes the force of a power. 
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PROPOS. IL. 
A Theorem. 
Divers kinds of Wedges. 


Lmoſt all Inſtruments which Artificers uſe to divide, or 

cut with, are recall'd ro the Wedge, as all fort of edge 

tools, Swords, Pen-knives, Nails, Axes, Hatchets, are Wedges, 

for neither is it eſſential to a Wedge, that the percuſlion of ano- 

ther body be forced between the body to be divided, for ir 

may either be ſimply impell'd, or from a force conceived 

from the leading motion to divide it ; Awgers, and Picrcers 
contain a Wedge. | 
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Of Percuſſion, or Smiteing. 
PROPOS. IV. 
A Theorem. 
Experiences of Percuſſion. 


] Being in company, ſome years ago, with my Ingenious 
friends Mr, Bankes, the King's Maſter Carpenter, and Mr. 
Morris Emmet, the King's Maſter Bricklayer, fince deceaſed, 
among other things thar paſs'd in our diſcourſe, Mr. Bankes 
was pleaſed to ſay, that he thought there conld be no reaſon 
given of the force of Percuſſion, nor no comparing the pro- 
portion of weight preſling a Nail, or ſuch like thing, enrred 
in a board, or Timber, to a blow ſmitten on the ſame thing. 
Indeed the ſaying was very difticult and abſtruſe, yet I remem- 
ber I told him, that the learned and Reverend Dr. /Fallis, a | 


P 2 Caſſatus, 
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Caſſatus had writ ſomething concerning it, and alſo the learn-. _ ſx 
ed Dechales, whole principles I deſign to follow. _ "0 | 
Ariſtotles 19th Queſtion touches lightly on the force which: alk 
is produced from Percuſſion ; nevertheleſs, he explicates no-. jr lin 
thing further, and as I may ſay, only propoſes a difhculty, 1a 
oO wit, that although a great weight be laid upon an Ax or- wi, 
Wedge, yet it conduces little or nothing to cleaving, bur that fr; Tin 
a2 blow {mitten with great velocity, alfeEts much. Then he- {qr 4 
leeks how much gravity this motion adds ; ro-the - better un- . " of il 
derſtanding whereof, in the firſt place, I ſhall refer ro expe-. » «wh 
rience. | 
The Firſt Experience then ſhall be, that that Percuſſion is: _ 
greateſt, whole motion is ſwifteſt, from whatſoever cauſe the. "my 
iame motion proceeds, whether it be circular, or right, *tis. _ n 
tirrle different. From whence 1t comes. to paſs, that a Ham- fy 6 
mer, or Mallet, furniſht with a longer handle, makes a ſtron-. my py 
ger blow, becauſe that power can impreſs a ſwifter motion, $ Acquire | 
tor if 1t be moved with equal velocity, whether it be furniſkr.. Te 2 
with a longer or ſhorter handle, the percuſſion would be Hort 
equal ; alſo thence I think may be concluded, char laſting mo- i! by b, 
tion adds nothing to percuiſion, unleſs there were a diſpoſition err 
10 {wifter. motion. And therefore, if the Hammer ſhould be. d yard 
moved equally abour ſome Center, it would: not ſmite ſtron- Ran NTP 
ger after a laſting motion than after ſome ſhort motion. Alſo tle Cl 
*cis clear, that when ſomething is ſmote wich a Staff, or a. n, Vic C 
Sword, the ſtroke is ſtronger about the end, becauſe then the TS It 
{tatf 1s moved about thehand, as about a centre, whence the. none on 
motion 1s ſtronger: about the end, I tay abour the- end, yct ty 1 
n0t in the end, by reaſon of another proportion. vong; 
Secondly, A greater body although it be moved with equa! Fy, 05, 
velocity, with a lefler, produces. notwithſtanding a ſtronger. tend; 
blow ; for *cis certain, while two. bodies of the ſame marter.. (e lbyd 
and divers magnitude fall. from on high, they deſcend-almoſt -16qull 
with equal velocity, ſo- that the difterence is very ſmall, to . - Viera 
wit, ſo much only as is begat in the reſiſtance of the air pro- Wer acar 
portionally in the lefler body to the greater, neverthcleſs, . the ons, wh 
greater body impreſles a ſtronger blow, which effect cannor | Wlue the 
be only attribured.co. the greater gravity ; for let there be a Men the 
take {tuck in the-ground, and. ler two bodies deſcend from an . Wihare of 
equal height, one of 100 pounds, the other of 200 pounds, ate by 
'tis. Czrtain that there will be a ſtronger impreſſion from the : "rihey yy 
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ſecond, which cannot be attributed only to the gravity ſimply 
taken, for if this ſecond body be put on the ſtake and gravitate. 
on it, or ſhould fall on it from on high , the impreſſion from 

a body leſs heavy, would not be ſo much : Therefore a heavy 

body falling, makes a greatcr ſtroke than a lighter body, and 

this impretliion ought not to be attributed only to the greater 
gravity. 

The Third Experience, While a body is moved about. ſame 

centre for a continuance, 'ris eaſier ſtopt or ſtay'd if you lay 

told of ir by the erd, than by any other part nearer the 

Centre, which is to be underſtood if it be hinder'd before the 

motion, or in the beginning of the motion, for if you wait 
till the motion be engender'd, it will be otherwiſe. And the 

reaſ"5n of the firſt, is obtain'd from the proportion of the lea- 

ver ; the reaſon of the ſecond ought to be, becauſe the mo- 

tion is greater in the end, and conſequently a greater impetus 

is. acquired. 

The Fourth Experience. The ſtrongeſt blow of a Sword is not 
about the point, nor as fome ttak about the Centre of gra- 
vity, but between the point, and the centre of gravity ; yet in 
general *tis true, that a body that is moved, having the great- 
eſt parc of ics weight about the end, a ſtronger blow follows 
than if it proceed from one continuance, wherefore ſome make 
1 little channel witkin the Sword, andirclude Mercury there- 
in, which conveys the force of percuſſion to the point, and 
makes the ſtroke ſtronger. Perhaps, while a body is extended 
in one order, 'tis moved more difhcultly, and therefore its ve- 
locity is-not- ſo great, and conſequently its ſtroke not ſo 
ſtrong. | 

Fig. 83, The Fifth Experience. While a body {mitcing de- 
ſeends, ir Cauſes as great a ſtroke, if only one part of it fall on 
the ſubje&ted body, as if the whole body fell on it; that is, 
if. 2 equal bodies A and B, fall from the fame height, the firſt 
whereof ſmites the ſtake C orly with ſome part of ir, but the 


follows, which I have found by experience, that I might - 
confute the opinion of ſome, eitceming the Air tqueez'd be- 
twe2n the 2 bodies, to confer much to the blow, ye, they 
will have all cutting or cleaving to be from air included with- 


in the Pores, being violently impulted from the dividing body, 
for they will haye air.to be malt ſharp, and conſequently moſt 
ap: to divide, P R Ox 
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PR-OP-OS; V. 
A Theorem. 
Divers meaſures of Percuſſun. 


Fig. OS hard to meaſure percuſſion that'is made by a 
living power, fince it depends on force, and 
free and voluntary endeavour, and hath the proportion of the 


body moving, or {miteing, for although a greater Hammer ef. 
fects a ſtronger blow in other things of the like nature, yer 
if it be not fo ſwiftly moved becauſe of its heavineſs, the per- 
cutlion which follows is the weaker : Wherefore 'tis conve- 
nient in the firſt place, ro reduce velocity to a Cceitain mea- 
(ure. | 

Suppoſe then a Hammer A B, whoſe whole length is 6 feer, 
which is moved by a man to ſmite. I fay, if it be moved e- 
qually with the fame velocity which he hath in himſelf in the 
inſtant of percuſhon, and in the ſpace of one ſecond minute, 
ſh :]] make 4 circulations, that is 144 feet, (allowing the Pe- 
riphery to be bur 3 times the Diameter) : If the ſame Ham- 
mer ſhould fall according to the equality of the force of gra- 
vity, and accelaration of heavy bodies, it would nor arrive to 
accompliſh 14.4 feet in 5 ſecond minutes, and ir ſhould fall 
from an altitude of 425 feet. 

From whence 'ris concluded, that the altitude 425 feet is 
the meaſure of percaſſion made by the man, or the Hammer 
has ſo much velocity, while "cis ſtrongly ſmote,or impelFd, by 
the man, as the hammer would have had, if it had fallen {ingly 
from an altitude of 42; fcer. 

I have been willing to examine the calculation made by 
M.:rſcnnus, but could never hind it anfwer experience, for we 
ofcen ule a Pendulum of 3 feer, one ſwinging, or ſtroke whereo: 
15. preciſely equal ro one ſecond of a minute; and we have 
found in a Semivibration, or in the {pace of half a ſecond, 
lictle more than 4. feet, ro be paſt over by a body falling, viz. 
about 4. feet and + ; but according to the proportion ob- 
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ſerved by Galilens, it ſhould be 17 feet in one ſecond, where- 
fore in the ſecond ſecond it will be 51 feer, in the third ſe- 
cond it will fall 85, in the fourth 119, in the fifth 153, 
which being all added together, make 425, therefore the 
blow of the Hammer ſtruck by the man, 1s equal to that 
which is made by the ſame hammer falling 425 feet ; in this 
{uppolition the ſpace which is paſt over by heavy things, de- 
{cending, is reckon'd to proceed according to the ſeries of odd 
numbers. 

Bur whatſoever the compariſon be of rhe Impers, or force, 
produced from a man ſ{mireing;and the Imperas produced by a 
weight falling ; *tis certain, thar there is no Impetus produced 
from a man's{miceing, to which there cannot another be gi- 
ven equal to it froma body falling : Bur hithertoo the whole 
dificulcy remains, viz. how we may meaſure the acquired 
Impetus, from a body falling from a determined height ; ler 
therefore a hammer weigh 1 pound, driving a nail at one 
blow (or percullion) one inch, whoſe force 1s equal to that 
which it would have if it fall from an altitude of 425 feet ; 
and let it be demanded what weight being only laid upon the 
Nail, will force it in one inch, but that weight muſt be mo- 
ved equal to the ſpace, to wir, it muſt allo be moved one 
inch. | 

Many have been the opinions concerning this thing, for 
{ſuppoſe a hammer of 1 pound, and 1 foot long, and let it be 
made after the manner of a Cylinder, ſome think, if there 
ſhould be a Cylinder made of the ſame thickneſs, viz. 1 foor; 
and 425 feer long, to wit, as much as is the altitude of the 
fall, which isequal torhe percuſſion, and this Cylinder be pur 
upon the Nail, it will force the nail into the board one inch, 
nevertheleſs, I ſee not on what foundation : for ſuppoſing the 
hammer tobe half the length, and to have the ſame gravity ; 
according to this Cconlideration, it requires a weight doubly 
greater, Which is ab{urd, therefore ifr.ce this determination 
depends on the thickneſs of the hammer, which in this cate 
hath no place, for neither will two hammers of divers figmes, 
and the ſame gravity, have divers effects. 

Others will have ir, that a hammer of 100 pounds deſcend- 
ing With one degree of velocity, will havethe ſame force as a 
hammer of x pound, deſcending with a velocity as 100, 
which 1 calily grant : But hicherto I think nothing 1s NG, 

ne1ther 


'F'i'2  Mechamck, Powers. Book VI. 
neither is there had ſuch a meaſure as we require, to wit, 
"fome weight to which percuiſon 1s equal, or a weight which 
is moved in the ſame manneras a nail, although ic drive it one 
inch. 

Mr. Hobbs reduces all percuſſion to the firſt endeavour which 
the weight hach, bur knows not whether the firſt endeavour 
given be indivifible and determinate, and ſo in this explication 
he wraps himſelf in queſtions of continual diviſton. 
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PROPOS. VI. 
The meaſure of Percuſſton, 


GUppots hammer of x pound, and let it be of any figure, 
-\FJ it mutters not, which being ſtrack with the force of a 
man, hath the ſame velocity, as if it had deſcended 4: ; feer, 
and drove a nail one inch, now tis demanded what weight 
this percutſion is equal to: And is certain, rhat a weight of 
- one pound falling 425 feet, acquires a force to raife x pound 
425 teet, which I ſhew in any Pendulum, wherein the weight 


aſcends almoſt the ſame as it deſcends. Therefore this per-' 


-cullion ſcems to be in equz/ibrio with a weight of one pound, in 
noving through 4.25 feet : But if you ask what weight being 
-moved one inch, will be in equilibrio with a weight of one 
pound, moved 425 feet, multiply 4.25 by 12, it makes 5100 
Inches, in 4.25 feer ; I fay, if a weight of 5100 pounds be placed 
on the nail, the nail will be forced in one inch ; for one 
pound moved 5100 inches, 'is in equilibrio with 5100 pounds 
moved one -inch, wherefore the percuſſion of the man ſeems 
to be equal to 5100 pounds, 'which was to be ſhewn ; never- 
theleſs, there is a doubting in this calculation, becauſe thar 
the velocity of the weight aſcending, always decreaſes, 
ywherefore theſe things cannot be conſtituted, bur according to 
the doctrine delivered of heavy bodies falling. 


PROPOS. 


ſkpot 
ly bl | 
bag | 


frm a 


fr n[ 


Fewht 1$requl 
imiheſame E 
[ir Demonſre 
fnotionbet 
ile fame, fo 
tk, or fou 

kt 100 pound 
nonle by 

On ; There! 
\ndelels, there 
Z10n of ( 


36 defend 


ute, (0 3; 
Neloht why 
It drine It 


CAVOUr Wii 
It endeny 
01 explig; 
0n, 


df any for: 
the force & 
nded 41; f 
Q What ve! 
a Welt: 
raiſe 1 por: 
ein the we 
ore this { 
one pour, * 
tC weight bet 
weight of © 
It 01akes 51! 


Book 


Book VII. Mechanick Powers. I13 
RE START To a ey ns ESR 
PROPOS. VI. 
A Theorem. 


The quantity being grven of a ſtake, or nail, driven into 
any body by a determined wetght, from a determined 
height, to find a werght which will perform the ſame 

from any other hetght. 


Pig. 90. | For the weight A be roo pounds falling from 1» 
feet high, and driving the nail B one inch, a 
weight is required, which falling from 40 feet high, will per- 
form the ſame effect ; I ſay, it requires a weightof 50 pounds. 

The Demonſtration. The ſame effect is produced, if the quantity 
of motion be the ſamein both caſes : But the quantiry of motion 
is the fame, for a heavy body filling from an altitude qua- 
druple, or fourfold, hath double velocity of that which ithad : 
But 100 pound movable with one degree of velocity, and 50 
as movable by 2 degrees of velocity, have the ſame parts of 
motion : Therefore they ſeem to have the ſame effect ; ne- 
vertheleſs, there remains a difficulty which is begat from the 
retlexion of bodies, which belongs 10 the velocity of heavy 
things deſcending. Yet 
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_ ROPES . Vi. 
To make drvers kinds of compound Engins. 


Eſides the ſingle kind of Enginsbefore mentioned, to wit, 
the Ballance, the Leaver, the Wheel, the Pulley, rhe 


Wedge, the Screw,, there may be made many other com- 
pound Engins, fome of which we will deſcribe, that ſo nor 
only their great forces may appear, bur alſo that any one may 


PCrceiye 
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perceive a ready way of making Engins for any occaſion, and 


2cCcommodate them to: their uſe. 
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Engin. I. 


An Engin, whereby a Wagoner may raiſe his Wagon, 
or Cart, although loaded ; alſoby it, the Roof" of an 
Houſe, yea, the whole Caſe 'of the Houſe, may be 
raiſed. 


Fig. 91. F Iron, or other ſolid. matter, make 3. wheels, 
the 2 lefſer A and 'C,” and the other. greater 


B ; the little wheel A hath five teeth, and-- 


the little wheel C the ſame-; bur the wheel. B hath 20 teeth, 
and fo is fourfold greater, and hath one common axis with the 
wheel C, alſo make of the ſame matter a firm Priſme D E 
with teeth, defend. on every fide all 'the cafe of wood with 
iron, in which the teeth are included, the upper part being 
open, ſo thatithe teeth-of the wheel A, lay hold of the teeth 


of the wheel B, and the teeth of the wheel C, lay hold. of 


the teeth of, the Priſme D E: Bur the: axis of the wheel A 


{tands out without the ſide-of the caſe, and is turn'd by the. 


nandle G FH, and. with the handle the little wheel A isturn'd, 
which turns the wheel B and C, and: the teeth of: the wheel 
C, running into. the teeth of the Priſme D E, they move it up- 
ward, until the laſt rooth near E, be in the region of 0 

wheel 
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wheelC ; if now D on the top be made hollow, or E on the 
ſide of the Caſe ſticking out, be put under the Waggon, or 
other weight, and the wheels being turn'd the Priſme al- 
cends, and going forth of the Cafe, forces the weight up- 
wards ; and if the wheels are turned the contrary way, the 
weight deſcends likewiſe. 

If to this Engin you add a leaver, one end whereof being 
put under the hollowing D or E, and the other end of the 
leaver lean, or ſtay on the Earth, and that part of the 
leaver, next the earth, be put under the Waggon, or other 
weight, and then turn the wheel, it will make a compound 
Engin much ſtronger, which you muſt note' carefully, for in- 
deed many Engins by addition of the like: leaver are much 
helpr. | | 
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Engin. 11. 


To raiſe a vaſt weight with an Engin compounded of” a 
Pulley, Axis mm Peritrochio , - and a perpetual 
Screw. 

Fig. 92. MO the Cylinder C D, in the middle whereof 


make 4. or 5 Spires of a Screw, which while 
the handle E F with the Cylinder. is turn'd abour, the Spires 


infold themſelves with the teeth of the wheel B, and turn it 


about: And while the wheel B is turn'd roun'd, the rope 
B G H, drawn about the Pulleys G and H, is wound abour its 
Axis : By this means, we may with great eaſe raiſe any great 
weight by the power F. I have cauſed the like Engin to be 
— by = means, I did move a Milſtone with fo little 
reſiſtance, that with a ſmall Silken Thred, faſtned tro the 
handle F, and pulld by the hand, I have turn'd about the 
Screw, and taken it up, being the weight of 200 pounds, 
and not broke the thread. - And if inftead of the handle E F 
you fit a wheel furniſht with little boards, this being turn'd 
about with the breath of the mouth, will raiſe the Mill-ſtone. 
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To take up a Mailſtone wi th an Engine wrought by the 


Fmoak of a Lamp. 


. 


Fig. 9 as (387 Engine is admirable to the Beholders, ro ſee 

. it. raiſe a weight of 150 pounds; it is. alrogether 
like the precedent, but that it hath a pair: of roothed'wheels 
between the Screw A, and the Pulleys, the firft of them is im- 
mediately moved. by the Screw,. and the ſecond is moved: by 
the firſt, and about its Axis the Rope turns.round ; and that 


the Smoak: of the Lamp may ſupply the force of the moving: 


power, the centre of the wheel B C is firmly put into the Ax- 


1s D of the Screw, whoſe Teeth running in each other, are: 


turn'd round: by the Teeth of the Wheels C and:B, fixt ro the 
Axis of the wheel F G, parallel to the Horizon ; this wheel 
is ſo made of a thin Iron ptate-tinned over, thar rhe whole 


vlane of the. Horizontal wheel conſiſting of the thin plate, is. 


cut through with Channellings, and way for the Smoak to 


paſs, in-ſuch manner, that while the Smoak. of the ſuppoſed: 


Lamp L, paſſes through by the oblique openings of the plate, 
it turns about the wheel hnng to. the Glafſey .cover H, upon 
the point of a Needle, and fo poiſed, that it may turn round 
ezfily ; and if one Lamp doth: not- ſuffice, 2 or 3, or more may be 
added : Alſo there may be more wheels than. the foreſaid-rwo, 
and more little wheels of Pulleys. My Engine which performs 


the foreſaid effet, conſiſts of eight Wheels and. Pulleys ahko- 
gether, 
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| Engin.. IV. 


By whoſe means a mighty werght rs continually raiſed, 
although the Power be not continually applied, but 
now and then a little impulſe preſſes it on by it its own 
endeavour. 


Fig. 94. \ Pply an Iron,.or Stone Globe ( or Ball ) of a grear 

magnitude and weight, to.a ſpear of Iron, or- 
Wood C D, and let the Globe be vibrated. rogerher with the 
Spearabout the Poles A and B; moreover let there be ſame pretty 
little arm E F L, txt ſomewhere about the middle of the lit - 
tle Axis, or Pin K, but movable without any reſiſtance ; join to. 
this in F a crook F G turning eaſily in F, ter the end FE, of the 
little Arm, be made like the point. of a Sword, or Knife, (or 
Jirtle rongue ) which may rouch the Spear, being pcrpendicu- 
lar; then thar part of the Spear whici toaches the liule rongue, 
muſt be made ſharp in the fame form, ard. extended ſo, that 
the little rongues reſpect and touch each other, 

Then.the Globe being thruſt with force, or bing. elevated; 
and falling again by its weight, mightily efiects the Vibrations. 
by going and coming back, and cach part of the Spear made- 
ſharp in E, hitting againſt the little rongue. of the arm, forces 
the pin. F G towards G, which by that means, ever and anon, 
lays hold. on nzw Teeth of the Wheel H, and turns-round' ph 
Wheel, which cannot be turn'd back again, being hindred by.- 
the pin.P, endeavouring the contrary. Another little Wheel 
being annext. to the. Axis of. the wheel. H, turns the: Wheel I, 
about whoſe Axis the Rope of the Pulleys L.M being rurn'd, 
takes up the weight N, being faſtned to the loweſt Pulley.;. 
wherefore, if after the perpendicular. ſtands ſtill, and moves no. 
longer, it be again raiſed from the centre and ler down, its. 
vibrations will cffe&t in the ſame manner a3 before for ſome 
time, raiſing the weight in the mean while, although nopow- 
er. be applied, ſo that the weight ſecms.co. aſc:nd of it ſelf. 

IV cte 
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Note, That you may add one or two wheels to the wheel 
: 1, that the weight may be taken up the eaſter, and leſs--reſiſt 
\the motion of the perpendicular; moreover in ſtead of the 
Pulleys, you may ule a Leaver, or a perpetual Leaver, with 
. Axis in Peritrochio, &c. Thirdly, the longer the Spear is, and 
the heavier the Globe is, the longer the motion of the perpen- 
dicular endures. Fourthly, the upper part of the little Arm E, 
. doth indeed endeavour downwards by its weight, but with 
'to ſmall endeavour, that *ris eaſily moved by the Spear; the 
{ame end being bur little inclined, fo thar a ſmall part of the 
Little tongue be touched by the edge of the Spear ; and fo alfo 
the wheel H ought to contift of ſmall ſaw teeth, otherwiſe the 
force of the perpendicular will be too much allayed. - Fifrhly, 
"Tis better, that only the upper part C F of the Spear be 1olid, 
and the remaining part F Dbe of a little chain flexible. 

This Engin if it be ingeniouſly made, effeCts very well, and 
cauſes admiration in thoſe that ſtand by : Beſides, if the pow- 
er be continually applied to the Spear, or to the perpendicu- 
Jlarin D, which will move ir of its own accord, a vatt weight 
may be taken up with very little Iabour ; and although the 
Globe D be very heavy, yet becauſe it hangs freely, it iscatily 
moved. In this caſe there is no need to make uſe of the 
little arm E FL, bur 'tis ſufficient that the Axis A B of the 
perpendicular be extended to Q. and there be fitted with a 
little iron hook, or catch, which may lay hold on the teeth 
of the wheel Q R: Or the lictle arm F G may be Joyned-to, 
.the Spear':C D in E, and move the Pendulum with' an oppo- 
{ite motion, 'to wit, from F towards G : But this: wheel-in 
this caſe onght to obtain another ſite than before, ' to wit, its 
plane ought to be parallel to the line of motion, which the 
perpendicular makes ; and its reeth ought to be retain'd by 
the like. pin, leſt while *tis free from the Claſp, or Hook Q, 
4t return to the oppolice part ; likewiſe the whole Spear ought 
ro be rigid, or hard. Yea, I confidently afhrm, ſo that the 
{pear which hath the proportion of a leaver be long enough, 
a vaſt weight may eaſily be taken up by one man, with only 
the wheel Q R, therope being turn'd about the Axis S, of the 
wheel, alchough no pulleys be added ; for the leaver hath 
.great force, although ir be not in uſe in taking up weights, 
viz. becauſe they know not the way whereby its motion may 
be continued ; but we have found the precedent which is al- 
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rogether eaſie, and others of the like nature may be inven- 
red. Loo | 

For let the leaver be AB C, whoſe prop is in B, and the 
power in A; by weighing down, or depreliing this leaver, its 
other end C lays hold on the teeth of rhe wheel DE, and 
moves it, the iron Pin G hindering it to go back; and at the ſame. 
time the rope E F being turn'd about the Axis of the wheel 
rakes up the weight F; but the prop B ought to be furnifhr- 
with a ring above, in which the leaver muſt be put, leſt ir be - 
eaſily moved to and fro, being only a little hent, that it may 
be transferred from one tooth ro another below ir. 

Some things to be obſerved in the compoſition and uſe of 
Machines, or Engins. In the compoſition and uſe of the Engins: 
aforeſaid, and of others of the like nature, ſome rhings occur 
which deſerve a'peculiar obſcrvation. 

Firſt, *Tis to be noted, that ſince in every Engin, that part 
which is next to the weight, feels a greater impreſſion, or re- 
ſiſtance of the ſaid weight, and alſo. ought ro be more ſolid, 
firm, and ſtrong : Example, In Axis in Peritrochio, or a toothed. . 
wheel and a ſcrew, it will be convenient fo to fit. them toge- 
cher that the weight may be ſuftain'd immediately from the 
ſcrew, and the wheels applied ro the moving power ; and the 
{crew ought to be of tmore folid matter, and made morefirm, 
ſince in toothed wheels they cannot be made fo ſtrong, as to 
{uſtain great weight. 

This thing is of great moment, and rherefore to be obfer- 


ved diligently in uſe, a ſcrew, and alfo pulleys are wont to be 


applied immediately ro a weight, for although a-pulley ſeems 
to be leſs firm and ftrong to ſuſtain a burden, becauſe that the. 
Axes of the wheels cannot be made ſorhick ; notwithſtanding .. 
cach of them bears not the whole weight, even as neither any . 
one rope that is drawn, bur it is in a manner diſtributed to - 
every one, fothatfrom all, one as it were makes the reſiſtance... 
$r ro overcome rhe weight. 
Secondly, *Tis to be obſerved, that ſome Engins may move . 

a weight, or allo rake it yp to ſome height, and yer notwith- - 
{tanding of ir ſelf cannotmove it to any further height; fuch--. 
are the wedge ard the ieaver, the firſt of them ſerving only for - 
cleaving, bur the ſecond; if it be immediately applied to a . 
weight, *cis manifeſt that ir can raiſe it but a little height : 
Wherefore as necd. requires, it behoyes us to ute divers Er | 
of .: 
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of Engines ; -bur if toothed wheels, or ſcrews, immediately 
Tuſtain a weight in the ſame manner that we have declared 
above, -it acquires greaterforce, and will move the weight ro 
a greater height ; alſoif a weight be immediately faftned to.a 
Jcrew, 4t cannot raiſe jt to a greater height than the length 
of the ſcrew : wherefore the ſcrew hath this conveniency, 
that 'tis firm and fit to ſuſtain a great weight, but cannor 
take up a weight very high: Bur on the contrary , the 
Pulley and Axis in Peritrochio can raiſe any weight to any 
height. | | 
Thirdly, In any caſe which may be propoſed, reſpe&t muſt 
.-be had to the power, together with the weight which ir 
ought to move, that an Engin be choſe which farisfies the in- 
tended end, for if the power abound, *tis in vain to multiply, 
or augment the Engin, yea, with the loſs of much time : For 
As much as the more the Engin is compounded, the more 
time is beſtowed in the motion of the weight : On the con- 
crary, it may happen, that duch an Engin may be. choſe, 
by whoſe means the weight-cannot be moved by the power 
propoſed, or nor without a great deal of trouble. Where- 
fore according to-the rele ſhewn before (ro wit, the power 
muſt. be increaſed inthe ſame proportion, that the velocity of 
the motion of the power, hath to the velocity of the motion 
of the weight) Firſt, you muſt obſerve how much weight the 
power of it {clf can raiſe, or move, without an Engin, then 
trom the known weight which is propoſed ro be moved, it 
will be ealie ro determine-what kind of Engin is required ; 
where note, reſpe& muſt be had to the proportion of the 
weight of the Engin, and chiefly tothe refiſtance of it, which 
ariſes from its parts, rubbing. or wearing, againſt each other, 
for there are ſyme Engins which make {mall refiltance to the 
power, as Axis in Peritrochio, where there 1s no other rubbing 
or wearing, but in its two Poles ; alſo the leavermakes no re- 
iiſtance by rubbing ; but the ſcrew becauſe of its many ſpircs 
reſiſts much, and efpccially if che ſpires be not very ſmooth, 
and the convex, and the concave do not exactly anſwer each 
other ; in like manner the Pulley, the more wheels 1t conſiſts 


cf, the more motion it reftits, becauſe of the multiplicity of 


Axes, Which rub, or wear the Poles. 
Fourchly, Obſerve in any Eugin, the Wedge excepted, (of 
which by and by) another Engin mmay be joyned to encreaſe 
us 
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its force, ſo to the leaver we may apply Axis in Peritrochio, 
likewiſe we nay add the ſame to the Pulley. Laſtly, We in- 
creaſe the force of the leaver, by adding the Screw : Alſo the 
head of the leaver may be elevated by the Wedge, yea, 'tis 
oft-times uſeful to lay under the leaver a firm and folid bedy, 
then between ir and the head of the leaver, the Wedge is 
thruſt and drove in. 

Fig. 9;. Pulleys are not wont to be immediately appljed to 
the leaver, for although the rope A D of the Pulleys may be 
faſtned to the leaver CE in D, and by depreſling the head of 
the leaver E may draw downward, notwithſtarding, becaule 
this motion cannot be continued any further, therefore inſtead 
of the leaver, Axis in Peritrcchio 1s wont to be uſed, which 
hath the proportion of the perpetual leaver, as is ſaid abore, 
for the ſame reaſon the Screw is not added to Pulleys ; for 
although this may draw the rope a littie more, yer the weight 
is thereby only bur little raiſed ; wherefore this artifice may 
be uſeful in caſe the weight were to be raiſed bur little from 
the earth ; laſtly, the Wedge can in no wiſe help the Pulley 
being immediately applied. 

The leaver may beneficially be added to the Screw, yea, 
without the Leaver, the Screw 1s not wont to move, as is obſer- 
ved before, it may alſo uſefully be added to Axis in Peritrochio. 
Alſo the Screw may be helprt by Pulleys, but they are ſeldom 
uſed, and the motion is bur ſmall, as appears by confideration. 
Bur no manner of force is acquired from the Wedge, ſince it 
is not applicable to it. 

The Wedge only ſeems nut to acquire force by means of 
other Engins, for 'tis not moved by the force of any Pulleys, 
or Cranes, as other Engins are, but only by percullion : 
Wherefore that the Wedge may acquire greater force, it be- 
hoves to find a proportion, whereby a greater percuilion ap- 
pears ; and this alſo may better be done by orher Engins, to 
wit, if ſome great Iron weight made in the faſhion of ſome 
Hammer, be lifted up by the Engin, and then falling by its 
weight on the Wedge, it forces it 11; but clpecially by 
the Leaver A B, whole Propis C; it to the end A, TFig.g6. 
there be fitted a great Iron Hammer, or Ecetle, which 
being elevared by the turning of the wheel G from F rowaids F, 
for it the whecl be fitted with Pins, while theſe are born down, 
they hit againſt the end of = ieaver B, and rogether with 

Liar 
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that depreſſing, they take up the hammer A, which by its. 
weight falling again drives the Wedge D : And the wheel 


G may be moved by a multiplied proportion, or by other 
wheels annext to the ſame, or by a capſtand, or any other 
way : Commonly in Smiths Workſhops *tis. moved by the 
force of water falling on the little boards of another greater 
wheel, fixt to the ſame Axis. 

Hence it appears, by what artifice Engins are to be coupled; 
or Join'd together, and what is to be obſerved in their com- 
bination, or complication, according as there is-need of grea- 
ter, or leſſer motion, for the railing of heavier, or lighter 
weights. 
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Engin V. 


Fig. 97. hc Capſtands, or Windlaces, which obtains a: 
vertical ſite are of great uſe, becauſe that they 


may. be. moved only.by. Animals, or Cattel, which alune pro- 


perly and vigorouſly move with an Horizontal motion ; ne- 
verthelcſs, it hath this inconveniency, that one weight being. 
raiſed up, the Engin ought to be turn'd about with a con- 
trary motion, and fo much time will be loft, while the Horſe 
is fitted for the oppoſite part ; therefore, to ſhun this incon- 
veniency, let the Engin be compoſed of two windlaces A B, 
CD; to the Horizontal one of them, faſten ropes with two 


Buckets (as for example) to draw water, or raiſe another- 


weight, ſo that while one Veſlcl aſcerds full; the other may 
deſcend, youu muſt fit to the Axis of the ſame windlace, two 
roothed wheels, or tympanes. G and H, beneath the roothed. 
wheels, let there be another windlace C D, furniſht with ano- 
ther Tympane, or Horizontal wheel G H, which {ſuppoſe to 
lay hold on the wheel G, while the weight E 1s raikd, and 
the empty vellel F deſcends ; then the weight E being raiſed, 
move forward a little the rympanes, or wheels G and H, ro- 
| wards B, that the tympane, or wheel. G, may furſake the 
teeth of the wheel, and theſe may. be implanted to the other 
tympane, or wheel H, which may eaſily be. done ſeveral ways; 
tor ſo the windlace A B will be turned on the oppoſe Part, 
F ard. 
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and while the weight F aſcends, the vellcl E, being emptied 
in the mean time, will deſcend, and they will always aſcend 
and deſcend alternately, orby turns ; alſo if the power (ſuppoſe 
a horſe) be applied ro the end I, of the leaver I L, -it will 
turn about to the ſame part continually. 

Or the tympanes, or wheels G H, may eafily be fitted, fo 
that always either may be ingrafted to the oppoſite teeth of 
the ſame wheel C ; but nevertheleſs, they muſt be made 
movable abour the Axis A B, yet ſo, that by means of the Pin, 
or the ſmall leaver, N and M may eafily be joined with the 
Axis, or Windlace, as often as you pleaſe, for ſo by alternaic 
force one tympane or wheel, which ſhall be firſt made frrm in 
the Axis, by help of the leaver, reſiſting the moving wheels 
will move the windlace, and rake up the weight, while the 
other free from the pin, will obey the moving wheels in like 
'manner, as if it were nor. | 

But if you weuld apply men to the vertical capſtand, or 
windlace, ſince theſe are caſily ficted to the contrary part, at- 
ter the weight is raiſed, yea, they may commodiouliy turn 
about, leſt they ſhould be giddy with the motion always one 
way, you may fit a double veſſel ro draw water in the fame 
manner, as appears in Fig. 98. | 

Moreover a windlace 1n a vertical ſite, it it be firted either 
of the foreſaid ways, it will much better perform the effec, 
than a wheel, or a crane, which many uſe not withour danger 
of their lives, for if a rope, as it ſometimes happens, ſhouid 
break, thoſe which turn the wheel, from the great force pre- 
conceived, are thrown our of the wheel, which cannor hap- 
pen ina vertical windlace. 

This ſame windlace, or capſtand, Seamen uſe, to bring in 
great weights into their Ships, alſo to draw up their Anchors; 
in Which Engin this is to be noted, that becauſe the Cables are 
{9 thick, that if they were many times wound about the wind- 
lace, or cylinder A B, in Fig. 99. the Engin wovld pe rendied 
uſeleſs ; therefore they only receive 3 or 4 Spires of the rope 
about the cylinder, ſo that while one end of it C, is turn'd 
abour the windlace, the other end D is thrown away ; and 
that the rope ſhould always conſiſt in the middle of - rhe cy- 
linder, the cylinder muſt be made in the :manner of a Cone, 
broad, or thick in the bottom, as you ſec in the figure ; and 
by this means the rope will always be kept inthe middle. 

R 2 ENS, 
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Engin. VI. 


To remove a- Mountain, or heap of earth, from one 


place to another eaſily and quickly. 


Fig. 100. ET the Mountain, or Hill, or heap of Stones be- 


. A, to be removed to. the place B; to ſave time 
in going and returning from one place to the other, as alſo; 
that the motion whereby the Earth, or Stones, is transferred 
from A to B may be ſwift, we may make ule of the following 
induſtry: EreC&art the foor of the Mountain, or in its middle, 
a great and ſolid wooden column, or piece of timber CD; 
and erect ſuch another in B, wiz. EF, affix at top of each 
viece, or column, the wheels D and F, and make hollow each 
wheel in the circumference; and pur about them: a great ſtrong: 
rope, extended parallel to the Horizon : Bur if the diſtance 
from A ro. B be great, leaſt the rope ſhould: be roo much 
{tretchtor bent, raiſe other ſuch like pieces, or columns in the 
middle, with their wheels made hollow as. aforefaid, to 
{uſtain the rope parallel ro. the Horizon ; oa the rope thus 
doubled, here and: there hang baskers, which muſt be ſo far 


diſtant from each other, that they hinder nor one another ; and 


the ends of the pieces mult. be ſo placed, that the power ap- 
plied ro the leavers G and: H, may be turn'd about their 
Centres; for ſo the whole Rope with the Baskets hanging on. 
it,will be tarn'd about fucceſlively : Wherefore.if men keep fil- 
ling the baskets in A, and. others unload. them in B, the: 
whole hill will be eafily transferred:from A. ro-B., 


Where Note, That the greater the wheels D and F are, the- 


{wifter the rope and baskets. will be turned about : Which mo-. 
tion about the axis, or -piece of timber being eafie, may be ac- 
compliſht by means. of ſhort leavers, thar. ſo. the- motion of- 


the baskets may be greater than the motion of the power- 


about the. piece of: the timber. Beſides the ſaving. of labour; 
anJ the gaining of time, which is effetted by this Engin, it- 
hath likewiſe this conveniency, that if between the two. places: 
A. and'B, there ſhould be a river, or ſtream, or. ſuch: like in-. 


acccllible;. 


Mo Wa 


[r [0I, (; 
d 


{\fnerals ; 17 
Per mxo are | 
«ole Bucket 
6, whileth 
{a Pits be det 
ils rope 15 

«Gary that it 
* wheel, ard 

Qre the Ayis 
{ m0pe 1s, the 
i happen, if t 
Ihe Ais, on 

8s, will hi 
Win; but if 


Of Storg; 
; (0 ſavers 
Other, as 4; 
1S transfer: 
the followy 
In its mill 
f timber ( 
[top of & 
e hollow & 
a preat ſi; 
if the difze: 
be too mx 
Olumnsn4 
aforefaid, : 
the rope tt 
uſt be 6 
e another; 
the power $ 
'd about ti 
1s hanging 
men Kee» 
em 1n Þ, [ 


Book VH. Mechanck Power 7 ' 25 


acceſſible, as if the Earth were tobe transferred from a Mound, 
or Hill, ro the nexr adjoining Fields, and there were a, large 
deep Mote, or Dich, berween them, you could ſcarcely ob- 
rain your deſire any other Way. 


Engin, VU. 


To draw Water, or Mm-ral matters, out of deep Wells, 
or Pits. 


"7 Forge Agricola deſcribes five divers Engins, in- 

. vented and uſedto this end, in his 6th book 
of Minerals ; the firſt 3 whereof are wrought by men, the 
other two are turn'd about by horſes, in all of them he uſes, 
a- double Bucker, or Basket, one of which being empty de- 
ſcends, while the other being full israifed up ; in theſe Engins, 
if the Pits be deep there is this inconveniency, that when the- 
double rope is of ſuch length, as the depth of the Well, it is 
neceſlary that it be rurn'd about every where on the Axis of 
the wheel, and it will rake up much ſpace on the Axis, and: 
require the Axis to be the longer ; and by how much thicker 
the rope is, the Axis requires to be the ſmaller ; whence it. 
will happen, if the Well be not broader than the whole ſpace 
of the Axis, on which the rope winds abour, the Buckets, or 
Baskets, will hit againſt the fides of the Well, and retard. the 
motion ; but if you makethe Axis thicker, there will be few- 
er Circumvolutions of the rope, and it will occupy a leſſer: 


Fig. Tor. 


B. part of the Axis, but then it will.require a- greater force of 
and Pare 6 the power to raiſe the weight, or wheels much greater, to: 
« Which which the immediate power 1s applied ; moreover, that which. 
je, may 5 makes to the preſent thing, and is of greater moment, is, 
he.motion that the motion wherehy the weights aſcend, is for the moſt 


of the poſe part very flow; wherefore we will deſcribe this Engin, by 
ing of Live whoſe help the weight 15 raiſed with a motion doubly {witter 
chis Engin 1 than. the motion of the power. For ler. there be a wooden 
he (wo pits Cylinder A.B, erected perpendicularly; turning eafily. on its. 
fuck (8% poles, 


accclids 
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poles, on whoſe head fit a lirtle wheel A equipped with ſmall 
Cylindrical ſtaves, being -a kind of cog wheel, but in the 
' middle ler it be fitted witha leaver, or a double one C C, +9 
which the power is to be applied : And we will ſuppoſe the 
power any way applicd in C, the circumvolution of this Cy- 
linder ro move Circularly through the circumference of {ix 
fcer, ſo that four turnings round finiſhes 24 feet ; and in the 
{ame time by means of the little wheel A, the wheel D E roo 
"hmſhes a circuit by only one turn ; bur the wheel F G is 
turned {tx turns, or times, and then the Axis H I is moved 
quadruple of the wheel G, to wit, it makes 24 turns, or 
. Circumvolutions : Wherefore, it the Cylinder I H (on which 
- the rope whereon the baskets are faſtned winds abour) be of 
{uch a thickneſs, that in its going round, or periphery, *tis 
equal to 2 feer, the basket will aſcend 48 feet, viz. by a mo- 


tion doubly {wifter than the morion of the power applied 


in C. 

Perhaps ſome may ſay, that ſo many multiplications of 
wheels is not neceſlary, if fo be the ſame proportion, whereby 
the velocity. of the motion of the weight increaſes, or of the 
baskers, above the velocity of the motion of the power, a 
greater, power allo ought co be applied : Where'ore, when the 
velocity of the weight, is greater than the velucuy of the 
power, it may be obtained by means of one wheel only, all 
rae reſt are uſed-in vain. 

I anfwer, thar is true indeed, in ſpeaking Mathematically ; 
PY -buc Phyſically, and in Practice the thing is other- 
Fig.102. Wiſe, which may be ſeen at the firſt view ; for if 

_  -the. power be applied immediately to the Radius's 

A, B, ſo that ir move the Cylinder C D, with a motion 
- doubly greater - than *t'1e m2tion of thoſe radius's, or of thc 
power itſelf, rhe power is more tired ; but lefs, if the other 
wheels aforeſaid -come between, or being diſpoled in, any 
other like manner, ſo that the circle which the power dc- 
1ctibes by its motion be greater : The reafon whereof may 
be twofold, the firſt 'is, becauſe when in this circular motion, 
the power being applied to the radius, the radius hath the 
. proportion of a perpetual leaver, and the leaver as is ſaid be- 
fore, is Changed in-each point of the Circle, alſo the motion 
. of the linc of direQion, (that is to ſay, according to which 
the power impreſles-the force to the leaver) ought continually 
10 
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to change, fiace it ought always to be perpendicular to the 
leaver ; and *tis manifeſt, that a power cannot exactly every 
moment change the dire&ion of its force, ſo that any force 
ſhall be according to a tangent line of its circle, for as much 
as force recovers by turns, ſo Impetus imprelles often times by 
curns, that therefore the whole Impetus cannot be guided to 
divers lines; therefore ſince necellarily this imperfte&tion of 
Impetus, ſabliſts in every animated power (of which only we 
are here ſpeaking) then the motion will be the caficr, where 
the power ſuſtains leaſt of this imperfection: But this imper- 
fetion is leſſer, if the motion of the power be circular, or 
the motion of the circle be greater; if ſo be in a greater 
Circle, the defl-xion from a perpendicular line, or tangent, be 
always lefler, furely in going abour, we move more eaſily by 
a greater Circle, than by a leſs, as appears manifeſtly in the 
practice of horſes going about, for as much as while they con- 
tinually bend, and endeavour to make a new line of motion... 
they are much tired. | 

The ſecoad reaſon is. becauſe as appears in the ſaid Engin, 
Fig. 101. the motion of the parts of the Engin decreaſes, even 
to the wheel F, which is again moved more {wift by the 
wheels E and D, ar.d alſo effe&s a {ſwifter motion in the Axis . 
I H, and in the weight bound to the rope : For from this . 
decreaſe of {wiftneſs, even to a certain, limit of the Engin, 
and again from a new increaſe, even to the end of the ſame 
Engin, and: to the weight it-ſelf, ir comes to paſs, that the 
power ſutters the leſs refiſtance: I ſay, the ſucceſſive com- 
preſſion of the parts of the Engin, or the endeavour of the. 
Impetus 1s propagated from the power towards the weight ; 
and ſince the motion is more ſlow about the middle of this 
Engin, than in its other parts, there, after a certain manner, 
is the reliitance of the weight gathered rogerher, that there- 
fore the power may ſuffer rhe leſs from this chiefly, becauſe 
the direCtian of  ſapetzs from the power towards the weight 
often-tines coming unloukt for from new Impetus's, necellarily 
proſecutes its Journey towardsthe weight, nor Cannot reflect it 
towards the Fower. 


Engin, 
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Fig. 101. Engin. VUIL 


To apply 4 wheel to the precedent Engin, and to others 
of the like kind, by means whereof the power is eaſed. 


Ecauſe the Engin laſt deſcribed, and all others of the like 
nature, for the moſt part require the power to be ſuta- 
ciently ſtrong, 1n as mnch as it ought to produce in the mo- 
vable, a ſwifter motion than the motion which moves ws 
therefore no Induſtry muſt be ommitted, whereby the power 
may by ſome means or other be helpr, or leſs tyred. And 
that will beſt be done by adding a wheel of ſome heavy matrer, 
and altogether ſolid tothe Engin, as if tothe Axis A B of the 
precedent Engin, there be faſtned an immovable wheel made 
of Stone, L N, parallel to the Horizon : For although ar tirſt 
fight it ſeems rather be be an impediment, nevertheleſs, ir ap- 
pears by experience to add much t9 the acceleration of the mo- 
tion, with leſs tyring of the power ; for if it be exa(tly in Equi- 
librio, ſo that the Axis paſs preciſely through the Centre of gra- 
vity'of the Stone Wheel, ir will refiſt its circular mot19n 
lictle or nothing, as from what is ſaid may be eafily gathered, 
and as it clearly appears from what hath been ſaid of circular 
motion ; bur from another original, whence once it hath con- 
ceived an Impetns, it retains it Jong in it ſelf, and the more, by 
how much the heavier it is, ſo that for ſome ſpace of time it 
will move other wheels and the weight, by only that Impetus 
conceived at firſt, without any new impreſlion from the Power ; 
whence it happens, that although the power ceaſe for a little 
time from imprelling a new Impetus, or at leaſt doth not ex- 


ert its force always uniformly, or producesan unequal Impetus ; 


nevertheleſs rhe 1mpetus conceived by that wheel, ceaſes notto 
propigate further, and reduces that inequality, or deformity, 
'(# ORs kind of uniformity and equalicy, which how much 
tis in the preſent affair may eaſily be colleted from what hath 

been ſaid before. 
But now obſerve, this kind of wheel may be fitted to the 
Engin 
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Engin in divers parts, and ſundry ways 3 and firſt, as to thar 
which pertains to divers parts ; t1s manifeſt in the Engin now 
deſcribed, that it may be applied cither to the Axis or Cylinder 
A B, or to the Axis E N of the ſecond wheel, or to the Axis 
F G (in which caſe ir will have another ſite, or poſition, viz. 
perpendicular to the Horizon, or vertical) or laſtly, it may be 
placed alſo to the Axis H I: Wherefore 'tis queſtionable what 
place it ought to be fixt, to perform the beſt effe&t. I (ay, 
then it will perform the beſt effect, if it be placed there were 
the greater force of Impetas is gathered together, to wit, in 
that part of the Engin, which ought to move moſt ſwift ; for 
fince ir better obtains its end by conceiving a greater Impetus, 
and ſince by reaſon of more gravity, 'tis Capable of more Impe- 
tus,'tis plain that it muſt be placed there, where the greateſt 1- 
petus 1s Conceived : From hence it is that in the Engin deſcribed 
above, 'tis better placed in the Axis IH, than in the Axis 
GF, becauſe that is moved {wifteſt : And better in the Axis 
G F, than in the Axis A B, becauſe while the Axis G F, is 
rurn'd round {1x times, the Axis A B 1s turned only 4. times ; 
Laſtly, tis better placed in the Axis AB, than in the Axis 
E N, fince this is turned ſloweſt of all. But when 'tis placed 
in Engins, whoſe parts the further they are from the power, 
are moved {lower and flower as ſome are, this wheel will be 
more conveniently placed to the firſt part of the Engin, t< 
which the power is immediately applied. But contrariwiſe 
in thoſe Engins in which the motion is ſwifter, the more the 
parts are diſtant from the Power, the wheel muſt be fitted 10 
hindmoſt parts, agreeing with the more remote parts from 
the power. 

Alſo obſerve, whereſoever the foreſaid wheel is placed, it 
ought to be the more heavy, by how much ſlower it ought to 
move ; bur if it be placed where it moves ſwiftly, a leſs pro- 
portion of weight will ſerve : For as much as it appears from 
che doctrine of circular motion, that the heavieſt wheels main- 
rain the umpreſt Impetus longeſt, although they are moved 
lower than the wheels that are lighter, which lighter whee!s, 
if an equal Imperus be impreſt they move {wifter, but ſooner 
part with or looſe the Impetus. 

Moreover, L obſcrve, and I propoſe it as a new inventio: 
in this matter of great moment, that 'tis pollible by means or 
this wheel, to promote the celerity of the motion much 1 
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power. 


Fig. 103, For let the Power be applied in H, which moves 


the Axis A B, and by that means the wheel -B C, the wheel D, 
and art laſt by the help of. this, the- little. wheel E, with the 
axis E I, to- which the rope is faſtned, and::turn'd about, thar 


takes up the weight, or.for any other uſe. In-this Engin you. 


feethe.motion always accelerated. from the power towards the 
weight, or the Extream. part of; the.Engin E I : If therefore 
there be ingrafted to the Axis. E I; a wheel: of an indifferenr 
weight, but yet large as F G,. this from what hath been. ſaid 


will notably. promote the Celefity of the motion, ſo thar the - 


ſame power may be effe&: a fwifter motion, uſing only the ſame 
power with this wheel than without ir : Now therefore, ſince 
the Impetus OnCe.. Conceived, may ealily -be continued by this 


wheel, ſome. power being added. immediately to it, which - 
either continually, or-at leaſt now and then, and often will 


renew.that; conceived Impetus; Example, a rivuler of 'water 


falling from on high, on the little boards, or rather bucket of - 
this wheel, it will come. to: paſs, that how little ſoever this . 


impulſe be,- while *tisin'a manner continual, or at leaſt often, 


notwithſtanding being added: to the impulſe already conceiv- | 
ed from the great wheel to .this-wheel, and ſo alſo to the mov- . 


able, it effects the Celerity. 


Secondly, The: -foreſaid wheel may be placed either in a- 
perpendicular axis, ſo thatit may obtain an Horizontal fite, as . 
is ſeen in the foregoing - Figure,,or in.an Horizontal axis, ſo: 
that it may. obtain a vertical ſite or perpendicular to the Hori-. 


zon, .Aas in the preſent Figure: And although in order ro mo- 


* 110n, the faciliry differs little, which way of the two you:- 
place it ; notwithſtanding, I. eſteem it more neceſſary to be - 
placed in a vertical fire, becauſe, when in this. caſe, the axis - 


to which 'cis applied neceſfarily ought to be Horizontal, the 


weight itſelf of the. wheel-lies. on two Poles, and ſo being di- 


vided berween two, cach Pole ſuffers leſs compreſſion, ard the 


reſiſtance 1s lefs which ariſes from the wearing, or rubbing of.. 


rhe ſame. Poles; Bur. if. it-be placed: on a perpendicular axis, 


the whole weight of the wheel lies on one. Pole, viz. the 


lowelt, it:rmay ſeem to retard the motion of the other wheels : 


Ivevertheleſs, becauſe that very often the motion of the axis . 
is wont to be made in a perpendicular ſite, bearing on be: 
middle :- 


Book VIE 


the movable, 'or thing moved, "but adds but little to the - 


6d, 8 
curference C 
payement, 

retard chemo 
1 the extred 
ner in like 

(rinder, Of 
centimes oth 
Ihe Leaver 
1:00 the pa 
Nt 11s Cent 
{ nAxb, 7 

msOut from | 
w lmolt to 
i? uſe to mr 
; he better 
"POX10n 19 


berefors, 
Mtnled by: 
(0 It, yi 
and often), 
let of 1; 
Uher bucks; 
te forrer 
Ir at ka os 
ready conc. 
010 then; 


( either it; 
rizontal it: 
Zontal aus | 
ar to the Hi 
n Order 1018 
the to fi 
eſſary 103 
caſe, the z: 
orizontal C3 
d ſo being 
eſlion, ardit 
or rubbing? 
endiCular I, 
Dole, 93h 3 
her Nec | 
\ of the 


ing 00 
Fo gidik 


Book VII. 


middle part of the lower Pole, they ſharpen it ſo, that the 
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whole weight is born on a ſmall part of the Cavity, that, as ] 


have (aid; therefore; the wheel may move the others with more 
: eaſe. 


Laſtly, Theſame wheel, of which we are ſpeaking, may 
be uſed doubly in a vertical fite : Firſt, ſo that it ſtand wholly 
hang'd up in the air, and equilibrated, .as in the preceeding 
Engin. Secondly, $0 that it inſiſt or ſtand on the ſubje&ed 
pavement, and rurn'd about upon it ; in*which caſe it hath 
alſo more force, than if ir were ſuſpended wholly in ſome 
axis : But the Pavement ought ro be made-level and plain, and 
ſolid, as of poliſht marble, or ſuch like matter, and the-cir- 
cumference of the wheel, which . immediately touches the 
pavement, ought to be exactly turned, that. no impediment 
retard the motion. So the wheel A B being applied 

ro the extream part of the leayer C D, to which Fig. 104. 
leaver in like manner, apply a power moving the 

Cylinder, or Axis D E,: and by this means, the wheel E, and 
oftentimes other wheels,for while the Cylinder is turned about. 
by the Leaver, the Wheel A B, roles about its Leaver, lean- 
ing on the pavement, and from a double motion, to wit, one 
about its centre, or about the Leaver C D, which is inſtead 
of an Axis, and the other about the Cylinder D E, while ir 
runs out from B to F, &c. And in this manner, ir may be ap- 
plied almoſt to all Engins, bur eſpecially, to thoſe with which 
we uſe to move great weights. And the greater this Whee] 
1s, the better ir performs the effect, ſo that the weight be in 
propoXion to thepower applied. 


i, 


S 2 .. Engin. 
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Engin. IX. 


To raiſe the Water of a Fountain always flowing, 


to any height, by a voluntary motion, although the 
height be greater than that to which the Water de- 


ſcends. 


Fig. 105. FPHis Invention, if. you entertain the perpetual 


motion, eaſily ſecures to it ſelf the chiefeſt 
place : For 'tis eaſie to draw Water by a voluntary motion, 
ro a greater height than is that from whence the Water of the 
ſame fountain deſcends, as is manifeſt.in Spirital Engins, but 
co give it a Continual motion, that it ſhall never require the 
hand of a man, this without doubt deſerves great praiſe. 
This Engin contains. two buckets, filling them from the 
fountain, of which while one aſcends the other deſcends con- 
tinually, without any labour, and ſerves the Water for Do- 
meſtick uſe ;. therefore to make the Water afcend: to a ſpace 
doubly greater,than is the ſpace of theWater deſcending,it muſt 
be diſpoſed in this manner, as is repreſented'in the Scheme.. 


4, Is a Veſſel, or leffer Bucket which afcend.th, this being 
full, weighs leſs than the BuckerM being full; which deſcends ; 
bur being empty that weighs more than this when empty ;, 
Hence *tis, that while both are filled rogether from the vellel: 
S, the Bucket M deſcends, and. by its weight draws the Buck- 
et A up: Bur on the contrary, while both together are emp- 
tied, the Bucket A deſcends, and by its weight draws up the: 
Bucket M. 

B, Flaps to: keep the Water in, tyed with a ſtring to the 
leaver. D, this. leaver D turning, eaſily about the Axis C croſs- 
wiſe, while the Bucket is raited up on high, hits againſt the 
piece of timber Z Z, and opens4he flap By and gives way for. 
the Water to paſs through the little Pipe E into the Vellel X. 
The ſaid flap B being ſomewhat large, whereby the bucket. 
>1y be emptice the ſooner ; make the bottom age 
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low, leſt the emptying of the Bucket any way hinder ; and a- 
noint it with greaſe, that the Water may keep inthe better. 

C, A ſtick joined to the bucket a-crofs,ard made fait to the 
teaver D, which we call an axis alittle before, becauſe of its form. 

D, A Leaver With a [little Wheel, or a Pulley 4, annex 
ro its top, the lower end of which Ieaver, is bound to the 
flap B, with a ſtring, for this end, that while the Bucket A, 
aſcends towards the piece Z, and hits againſt the Leaver, the 
flap is opened and the Water gocs forth. 

E, A little Pipe, or ſmall Tube, joined in the bottom of 
the Bucker, fo that it anſwers beneath the mouth of the hole 
of the flap; through it the Bucket is emptied witnin the 
veTel X, rhe Orifice, or Mouth, ard its Cavity, are not leſs 
than the hole of the flap B. 

F, Rings on both tides of. the Bucket, in which are ingraf- 
red Iron threds, or chords G G. 

G, Iron threds, or chords, which muſt be firmly extend- 
ed, leſt the Bucket in: going and coming hit againſt the ſide, 
and efpectally while the leaver 6 hits againſt the piece Z. 

H, A round piece of Timber, tro which the ſaid Iron: 
Strings or Wyers are faſtned, which Threds or. Wyers oughc 
to deſcend from the piece Z, even to the piece H altoge-- 
ther perpendicular , and to- be diſtant from each other 
ſuch a ſpace, that they ſtrain not the Rings that are fixt to: 
the Buckets, or at leaſt but hghtly, that fſo-the Bucket may 
aſcend. and deſcend freely, and without violent wearing. © 

I, A Rope to which the Bucket A is faſtned, paſſing over 
the lictle wheel, or pulley K, and within the pulley L, and: 
from thence extending to the faſtned pulley K e, ro whoſe: 
cop it is faſtned. | Ty 
\ K, A Pulley joined to the piece Z, which muſt be targe- 
for many reaſons, and a hole in the middle, and ler there be 
a ſmall Axis paſſing through the hole, which will bear the 
weight of the Bucket. and. Water. | 

K e, A fixt Pulley, that is, it doth not turn about. its Axis, 
but is immovable, or rather a fourth part of a Pulley, itsSemi- 
diameter ought to be equal to the Semidiameter of. the Pulley 
K, that therefore the motion of the Bucket M, may remain. 
uniform, that is, that ir may remain always in. the ſame per- 
pendicular ; otherwiſe the Rope of the Bucket M, will raze 
againſt the Iron threds, or chords GG, and ſo the. motion. 


will. be hindred. 
L, Ano: 
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L, Another Pulley, which while the rope I draws on 
both ſides, cauſes the aſcent of the Bucket A, to be as ſwift 
again as the deſcent of the Bucket M, and therefore that runs 
_ double the ſpace in the ſame time as this ; for which cauſe the 
weight of. the Bucket M full of Water, ought to be as much 
more as the weight of the Bucket A being full ; but on the 
contrary, the Bucket A, although it be lefler than the Bucker 
M, ought to weigh more than it, they both being empty, 
notwithſtanding ' the exceſs ought to be indifferent, and fo 
exact, as will ſuffice thar the Bucker A being empty in de- 
{cending, may draw up the Bucket M being empty. _ 

M, A Vellel, or a great Bucket, which by its deſcent 
- draws up another leifer A, it hath a flap B, and little pipe E 
in the bottom, rings F F on the fides, Iron threds or chords 
G G, as the former Bucket A, nevertheleſs, the leaver is ap- 
plied 1in a divers manner. | 

N », A leaver placed upon the Bucket M a-croſs, to whoſe 
end » there 1s annext a ſtick » a, hanging or dangling, this, 
while its end a, deſcending with a bucker rouches the Earth, 
raiſes the leaver N », and opens the flap B, of the bucket M, 
; Al --- rene time in which the flap B of the bucket A is 
. opened, 

O o, Two ropes faſtned above to the bucket M, and below 
.ito the piece Y, or to the Earth, tothe end, that M ſhould nor 
aſcend beyond irs due limits, nor A deſcend beyond his : 
I, 2, 3, 4 ©. are leaden weights to weaken the Imperzs of 
.the motion-in the deſcent, while-they lye ſucceilively one af- 
ter another on the earth, and. leflen the weight of. the bucket 


ro which they are faſtned; bur in aſcending :while they 'are 
elevated from the earth one after another, they:.adjoin new. 


-weight to the ſame bucket ; and they may be more or leſs, 
according -as is neceſlary. 

.a hole in the middle, through which a rope paſles freely 
wirhout rubbing, ro which-'the bucket is faſtned even to the 


knot Q, which knot when it comes to the: piece P,- ſtays the 
motion of the bucker M, and hinders it, that in deſcending, 


it daſh not againſt-the earth, nor the bucker A in aſcending 
hit againſt che piece Z Z. | 


Q, The knot ſpoke of but now, to it may be tyed a Raft 


a-croſs, or overthwart; which may eaſily be looſt and chang- 
.£d as need is. R, Ano- 


P, A-piece laid-athwart a-little above the bucket M, having. 
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Book VII. Mechamch Powers, I x 
R, Another knot with a ſtaff athwart, which mult be fo far. 
diſtant from.the former knot, as is the ſpace of deſcent of the 
bucket M-almoſt to the earth ; this knor- may execute the of- 
_ of the ropes O o, if the weights 1, 2, 3, &c. be not nece(- 
ary. 

S, A veſlel deſigned to receive tne Water from the Foun- 
tain, it hath a flap, and a little pipe 1n the bottom, as have the - 
buckers A and 'M, nevertheleſs, the little pipe ought to aſt 
out the water from each ſide, and ar the ſame time alm:it, ro - 
fill cogether the . bucker A, ard the bucket AM ; and becarie 
theſe buckets are of divers Capacities, | the ſaid two littl- pipes 
ought ro caſt out an unequal quantity of water from th*- vellel. 
S:; This veſſel muſt not be in the middle berween the rwo buck- 
ets, bur behind afrer them. 

T, A leaver faſtned by a ſtring or rope, to the flap of the 
Veſlel S to open it ; on rhetop it hath the table F adjoined, thar : 
the ſtaff V may hit ſecurely on it, and raiſe the leaver. 

V, Aﬀaff fixed firmly to the ſide of the bucker M, with a - 
little wheel .or pulley .on the top ; this when us pulley raiſes 
the. leaver T, and- opens the flap of the veſſel S, while the - 
buckets are filling, the bucket M defcends, and with it the ſtaff . 
V, and ſo the leaver T is let: down, and- the flap of the veſlel . 
S, is ſhut again, until the velſels are emptied below, andabove; 
M returns back with its arm V, and raiſes the leaver T again, . 
and opens the flap of the veſſel S, as before. 

X, A veſlelto receive the water of the bucket A : This vel- - 
{el ought to be ſuch a ſpace beneath the piece Z, that while : 
the leaver D hits on the piece, the little pipe iz within the - 
velkel unloads the water of the bucket A. 

Y, A piece of timber, a ſtump, or a ſtone, to which the - 
ropes OO are faſtned, 

Z, A piece of timber to which the pulleys K and K e are 
affixt ; this piece of timber hath the table b afxt ro it at right 
angles, on which hits the little wheel of the aver D, and 
draws near to the wall, and: draws the bucker A with it to- - 
wards the well, that the little. pipe E may hang over the head : 
of the veſſel X ; which may alfo be done otherwiſe. 

This Engin which was made art Remwe in the Convent of St. - 
Marie de Viforia, the lefier bucket did Contain more than an 
whole Urn of Water (at Rome they ſay 2 Barile) bur before 
while they uſed leſſer buckets, the Engin wanted ſuccels. 

Note 
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Note alſo, that the bucket A ought firſt to be empried, and 
then the bucket M, otherwiſe the water as yet contain'd, by 
the more heavy weight, would deſcend with too much force, 
but you may obtain that by making the little pipe E of a due 
magnitude. 

Its flaps are of matter, and form, and magnirude, that the 
water before they are opened, no way runs out; in the fore- 
ſaid Reman Engin, a palm, or hands breadth was the length, 
ard half a palm the breadth : The matter was Lead both of 
the liitle tongue, and the table, in which the hole was, and 
was ſhut by the tongue : If they are made of wood, they have 
nor {Oo good ſucceſs. 

The Pulley L hath as much diameter, as 1s the diſtar.ce be- 
tween the true Pulley K, and the fained one Ke. 

The weights 1, 2, 3,4,©c. are faſtned to the ropes O O, 
for this end, to ſtop the Impers of the deſcending bucket A ; 
tor beſides the Impetzs which always increaſes in heavy bodies 
deſcending, the Impetzes likewiſe is too much acquired from 
this, that when it comes to the piece Z, the whole weight 
of che rope I hangs on the other part of the Pulley K, and in- 
creaſcs the weight of the bucket M ; but when after the emp- 
. tying of the buckets, the bucket A being heavier than rhe 
bucker M, rogether with the weight of the rope, it begins to 
deſcend, and draws with it the rope I, and therefore draws to 
it the weight of the Rope, and rakes away the fame from the 
bucket M. Then how much more is added to one, and ta- 
ken trom Cother, ſo much the more the Impetis increaſes of 
the bucket A ; which Impe:zs is weakned by the foreſaid lea- 
_ Plummets, while they are raiſcd from the earth ſuccel- 
LiVely. | 

Alſo beware, leſt the ropes are made wet by rain, or by wa- 
ter, Otherwiſe they will be contracted, and not retain their 


due length. 


Laſtly, 'Tis obſerved in the foreſaid Engin. that the water 
is railed as high again in the buckter A, as it defccnds in the 
bucket M, by reiſyun of the Pullcy M, which doubles the 
rope : But if any one would have the water riſe four times as 
hizh, he muſt add another Pulley, and another rope ; 1n like 
manner by the hclp of three pulleys he may make the water 
aſcend to &iphrt times the hcight, &c. ſo that the water Con- 
tain'd in the bucket M, be quadruple or oCtuple, of that which 
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Book VII. Mechanick Powers. - 37 
is in the bucket' A, yea, and: ſomewhat more, that the bucker 
being full, may out-weigh the bucket A, avd may draw it 
downwards; although the bucket A being empty, ought al- 
ways to be heavier than the .bucket M.in like manner being 
empty. 

Schottus in his Technica curioſa deſcribes an Engin ſomewhat 
different from this;which-was made at a Noble Man's Houſe ar 


Baſil with good ſucceſs. 


Engin. X. 


To perform the ſame thing eaſily mn any oven proportion 
of Hezght. 


Fig. 1c6.J Et there be a fountain of conſtant Water running 
into the Veſſel A, or ar leaft ler it be derived thi- 

ther from ſome continual Fountain, and. you would raile it to 
the Veſſel B, whoſe height above A 1s zo feet, bur from A the 
water cannot deſcend deeper than to C, to wit, 10 feet beneath 
the Fountain A; nigh the Vellel B diſpoſe the Axis DE in'an 
Horizontal ſite, -caſily turning about the extream poles ; diſ- 
ole ſuch another like Axis near the Fountain A, and annex to 
each of them the Tympane F, and the wheel G I ; Tympanes 
of this kind are divided by Iron Rods, or Sticks, and of ſuch a 
largeneſs, that there may be pur upon them -conveniently lir- 
tle Veſlels, joined together by a-Chain annext to one another in 
manner of a Ring; it mattersnot whar faſhion the little Vellels' 
are of, ſo that they receive the Water eaſily into them, and 
empty the ſame our of them again, we have delineated two of 
them together in the figure LN; thoſe which are pur abour 
the. upper Tympane hang on the ſame, and they extend 
or reach along to the water of the' fountain A, and are djpr 
into it ſucceſſively, and draw the ſame while the Tympane is. 
turn'd about ; but when they come to the top of the whee], 
they unload the ſame water, and pour it into the upper Vel[:] 
B. But from the water of the ſame fountain A, the Vellels pur 
about the lower Tympane muſt firſt be fill'd, which ought tg 
have 2 little hole open in the bottom, that the water may flow 
T: trom 
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turps it about with the 'Tympane of the Axis D E, that thelit- 
tle Veſlels draw the water. from the Fountain, and raiſe it in- 
ro the Veſſel B; bur. becauſe the water ought to be raifed dou- 


ble the height in B, that it deſcends in C, therefore the upper. 
crGwn, or ring of -little Veſlels, ought in like manner to be as. 
long again ( or doubly longer ) and. therefore that it. may be. 


carried about, and raiſed from the lower crown, or ring, bein 
bur half ſo big ( or doubly lefler; ) thoſe little Veſlels ought 


to be leſſer, ſo that they raiſe upward in the ſame manner ſub-. 


duple, or half the water, yea, rather leſs, becauſe of the reſi- 


ſtance of the. Engin, but the lower little Veſlels receive double - 


the water, or ſo much as ſuffices ro move both the Wheels. 
The lower Tympane may conveniently hang over the Well, 

or Pit, defigned for it, within. which the Crown or Ring of, 

little Veſſels deſcending, when they come to C, the little Veſ- 


lels are unloaded ſucceſſively, ſo that. one fide of the Crown is. 
always full of water, and out-weighs the other ſide, and: turns - 


about the. Axis : Thar: if: the upper. Veſlel B being filled. with 


Water, which aſcends upwards, it.again flows into the lower 


Veſſel A, and the lower part of the Engin is ſo accommoda- 
ted, that the pouring out of the Water appears not by means, 


whereof the lower Tympane is moved, and. the SpeCtators - 
may eaſily be deceived, thinking that Water only to deſcend.. 
which at once aſcended, that. therefore.they may think it a_ 


kind of. perpetual motion. 
If the weight of the Water of the lawer .Tympane be don- 


bly greater than. the. weight of Water which: aſcends: to the . 
upper. Tympape, this Water may be. raiſed: to a double. Alti- - 
tude, aid therefore.a crown of lictle Vellels doubly longer nut , 
be uſes ; and.thoſe little. Veſlcls. of .che upper Tympane will be - 
proportionally lefſer.;in the fame manner, viz. if the water be - 


to be raiſed triple, or quadruple higher, the little, Veſſels of the 
upper, Tympane, or wheel, mult be triple, or quadruple: lefler 


than thoſe of the under- or. lower Tympane,.or, wheel, ſo thar . © 
the length of the: upper Crown is. made amends by. the mag=-- 


nizude of the little Vellels of the. Jawer Crawn... 


Book VII. 
from the Veſlel L into the lower Veſſel N, and from N into. 
another, and fo ſucceſlively all the Veſſels of one ſide are fill'd ; 
for then the weight of them and the warer turn about the Tym- 
pane, together with the wheel G I of the lower Axjs, which 
wheel. running into the other, moves. the upper wheel and. 
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But the little Veſſels of both Crowns may be made equal, 
and nevertheleſs the Water may be raiſed to any height, to 


-wit, if the wheels GI which bite each other, be made une- 


qual; for if the upper wheel hath its Diameter doubly greater 


"than the under wheel, this will move that with a weight of 


water doubly leſs, and therefore a crown of little Veſſels dou- 


. bly leſſer will be equal to the little Veſſels of the upper Crown; 
1 ay, the ſame of any other proportion, triple, quadruple, 
- &#c. wherefore amends may be made divers ways for the height, 


and plenty of water aſcending, -either by means of a greater 
upper wheel, or by means of greater little Veſſels of the lower 


wheel, or Tympane, or partly by means of the greater wheel, 


and partly of the greater ſmall Veſlels. 

But if from all the Water in the Ciftern A continually flow- 
ing, the greater part of it is to-be raifed in the upper Ciſtern 
B, as if you were to raiſe three parts of four of the water, and 


bur one part only to defcend, than-the lower Crown mult be 


3 times as long as the upper Crown, and the little Vellels of 
the ſame muſt be ar leaſt three times leſler, if both the Axes of 
che wheels G and I be equal. Bur if the wheels GI be une- 
qual, the proportion may be made fit another way; for if the 
lower wheel be three times greater than the upper wheel, the 
little veſſels of the Crowns may be made equal, but the lower 
Crown ought to be three times greater; for in this caſe, while 
the lower wheel is turn'd about only once, ſuppoſing five of its 
little veſſels to be filld, the upper Wheel is turn'd about thrice, 
and therefore fifteen of its veſlels draw water, and inlike man- 
ner 15 Veſſels of water they pourinto the Ciſtern B. 

Alſo both crowns, or Chains, to which the little veſſels are 
faſtned, may be accommodated to one and the ſame upper 
wheel, bur it will be neceſlary ro-fit to the wheel rwo wheels 
with Axes, as is declared before.: But if rhe altitude ro which 
the water is to be raiſed, beſo nigh that it requires very great 
wheels, other wheels may be diſpoſed in the middle berween 
each wheel, which may be moved ſucceſlively by the lower 
wheel, equally or unequally, according to the proportion of 
the quantity of water, or the magnitude of the little veſlels; 
tor this will be very commodious, as if the water be to aſcend 
higher, we add to the Engin one, or mcre wheels, if not ſo 


high, we take away the ſame, making no mutation or altera- 


tion of the Crowns, or Veilels; moreover the vellels of burh 
3:3 CYOWnNsS 
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crowns may be-always equal, and yet the water' may aſcend 
to divers heights, the lower crown remaining the ſame and not 
altered, by only changing the magnitude of the upper crown; 
for as is.ſaid above, if the water ought to aſcend 4. times as- 
high as is the deſcent of the other, *tis ſufficient that the crown 
of the upper wheel be 4 times greater, or ſomwhar leſs; and 
the upper wheel G I, mult in like manner be 4. times greater 
than the lower, 'or little more ; for ſo the upper wheel will be 
moved 4 times flower, and will raiſe a fourth part of the -wa-- 
ter, the crowns, or chains, of both veſlels being equal. 

Likewiſe the Wheels and Axes may be multiplied together 
with wheels annext, and rhe chains, or crown, of veflels, fo 
that one be put upon another ; for we may make another 
wheel to exiſt on the Axis D E, which may be moved by the 
middle wheel G I,: and furniſh it with a wheel, and a chain'of 
{mall veſſels deſcending into the Ciſtern B, and drawing wa- 
ter from thence; moreover that water now raifed into B, may 
from the crown, or chain H I again beraifed either all, or at 
leaſt, part of.it into another Receptacle, or Ciftern, higher, and 
from this. into another as high as you pleaſe, all which we. 
leave to the will of the induſtrious Artificer, ſince we have 
ſhewn ſo many ways, it may ſuffice. 
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Engin XI.. 
To empty ſtanding Waters: 


Fig. 107. A is a long jagged wheel joined together with: 
( , ſtrong pieces of Timber, defigned for the draw- 
ing off, or draining of water ; the length may be made ar plea- 
{arc, according to: the proportion of the breadth of the water, 
alſo ir may be made ſo broad; that. the whole Semidiameter. 
from the Circumference'to the. Axis be immerſt in water, yea, 
the Circumference may touch the bottom, for as much as the 
moving force of the wheel may. be irccreaſt as-you. pleaſe, and. 
4s need requires... | 
From this wheel-A, the Leaver:B -paſling through the whee], 
and the water extends to the Earth,or. Shoar, where is erected 
a wooden receptacle C.C; the wheel D- is adjoined by the 
| eavcr. 
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leaver B;: which: compriſes the wheels: E 'and F, 'and 'theſe the 
wheels G and:H;: and theſe:the wheel I: + tf. $774 

: The leaver of the wheel'T reaches to K, where it hath a 
ſtrong. Iron Ring put about it, which is furniſht with holes 
cthrough'the Circuit, and ſtands out towards:L, that it may te- 
ceive L within it... ER Ver | INE 

L.Q is a Cylinder, whoſe' end -L is furniſht. with a like 
Iron:Ring bored through in.the. Cireuis;' only. 'tis/a little leſſer: 
or ſtraicer than the ring K, . that-itimay. be thruſt within -it, af- 
cer that the ſaid end L is put within che ring;K, both the rings 
are firmly bound by Wedges:and. Hooks. of Iron driven in 
through each correſponding hole, that the Cylinder L Q, to- 
gether- with the leaver K, may :be:turn'd;;about-:;In M are 
Wedges, and Hooks of Iron;;. which are.jpin'd ito the; two ſaid: 
tron rings-K and L, and made firm, , that the axis; K.-and the 
Cylinder L may be turn'd together; the. rope that draws is 
folded about the Cylinder L Q, which mult be lengthned thar: 
it may paſs above the wheel or pully. N.;' to the rope is.hung 
the weight O, of as many.. hundred: pounds as you-pleaſe, or 
neceility requires ; this: weight, while the rings-K and L ares 
firmly joined, turns about -the- wheel. 1, and. this the middle 
wheels H and'G, then E and F, 'and at- laſt D and-B. re 

The weight O, how great ſoever it be, after that. tis turn'd: 
about with his rope; it-may be. raiſed again, or by a man on-. 
ly, it may eaſily be done with the Engin (called Pancratium P.: 
which thar it may be. done, :'tis- neceflary that, the end-Q [of 
the Cylinder L Q be not- round; but ſquare: like. the-.end- of a 
ſpit, which being curned- round, the little Engins are turn'd.a- 
bout, and *tis bored. through that it may receive a Nail, or a 
Wedge, but the end of the Axis of the loweſt wheel-of the 
Pancratium Ought to have a ſquare hoke which agrees with the; 
faid end Q, that this may be pur into that, and faſtned with a 
Nail, or made firm with a wedg after that manner, thar- a: 
Spit is thruſt.into the-hole of the round machine, or wheel, thar: 
turns the Spit. 

Then. when the weight O is drawn to, I take away the 
wedges and: hooks-M, from the rings that are conjoined .to K. 
and L, that L. may. be freed.from K, then I apply. the Pancrgo- 
144m to the ſquare: end Q;, and turn about the handle of the 
Pancratium, Which when done, the wheels. I,, H, G, e*c.. reſt, 
but the weight O is raiſed, and the leading rone is turn'd. about. 


Ee-Cylinder L Q.. After. 
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- Afﬀeer that the weight O is raiſed, join again and make firm 
one within another the rings K-and L,- but. remove the Pax- 
cratium from Q, and the weight by its deſcent will. again turn 
the wheels I, H, G, &*c. | 

. From whence it appears, that the chief Artifice is placed in 
this, that as great a weight as you pleaſe may. de applied in- 
ſtead of a power, by means whereof while it is moved ve 
flowly, it effets a ſwift motion in the extream wheel. of the 
Engin; and' again; ' by applying the Parcratium.P ro the Engin, 
whoſe Fabrick is'declared above. 

But becauſe perhaps it requires as much time to raiſe the 
weight O with the Pancratium, as is that wherein the ſame 
weight deſcends, and therefore great part of the Engins time 
is loſt by this effeR; therefore IT adviſe to diſpoſe anorher Axis 
' T V upon the Axis LQ, and in the' mean time while the 
weight O deſcends, and the Engin performs its effe&t, the ſame 
Pancratium being applied to the Axis T V, may raiſe another 
weight X, to be applied again preſently to the Engin, .as the 
weight O comes to the bottom; to be taken up again by the 
ſame Pancratium, while the wheels are turn'd about by the 0- 
cher weight ; for ſo the Engin, or Machine, will never Ceaſe 
from motion, beſides that little time wherein .the rope being 
looſs'd from the weight;is again turn'd about the Axis L Q ,and 
the faſtning it to the other -weight now raiſed above ; yea, 
thoſe iron Rings and Wedges will not require to be uſed, if 
{o-be'you-can uſe one continued Cylinder only M L Q, to 
which-the rope may eaſily be wound about,. ſince this will be 
free from-the weight; Or likewiſe a double rope may be 
uſed, one of which without weight ( or ar leaſt but a little ) 
may be wound about the Cylinder, while the other 1s roled and 
drawn downward by the weight. 

. This Engin if it be made after the foreſaid manner, it will 
be indeed more ſimple and eafie, and ſerve for many other u- 


ſes; as for Example, the lower wheel B will eaſily be applied: 


ro a vertical wheel, which will likewiſe turn about ſwiftly a 
hand mill; in like manner there inay be added to the Axis B 
D, pins to take up Peſtles, wherewith mineral Veins may be 
pounded, or Gun-powder, @c. as is declared before, alſo 
there may be many other wheels to turn about to wind hilver 
 Thred, and other ſuch like, as will appear to the Conliderate. 
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_ Engin. XII. 


By whoſe means the water always aſcends to any given height, 
ſuppoſing alſo it be but a ſmall ſtream of water, ſo it be 


but conſtant. 


Fig. ronge there be a large Recepracle, or Ciſtern A B, in- 
.to which+the water conſtantly flows through 
ſome Channel, or Pipe C,. below that ciſtern make two other 
Ciſterns G H, and X Z, in two ſeveral places of ſufficient big- 
neſs, according to the proportional quantity of. water, which 
muſt deſcend by turns from the ciſtern A-B, into thoſe rwo 
lower ciſtern, as will appear by and by, and for that cauſe the. 
Tubes F G,muſt deſcend from the bottom of the ciſtern.A'B; in- - 
to the ciſtern G H, and*Y X into the ciſtern XZ; and theſe 
ciſterns-muſt be furniſht-with -a cover, andthe cover muſt come - 
cloſe to the ſide, for they ought to be every where cloſe and 
ſhut; but the ciſtern-A*+B muſt-be open ; thoſe Tubes upon the. 
bottom of the ciſtern A B,- muſt have flaps E and D, - ſo that: 
their mouths may be ſhut or open: The ciſtern: G-H -will need - 
another Tube in its lower-part,furniſht likewiſe with the flap I, 
and the ſame muſt be as near as may be of the magnitude with'* 
the Tube F G and.Y X;. the ſame muſt be performed in the o- - 
ther ciſtern X:Z,which in-.like manner muſt have:the like 'Tube . 
Z. furniſhe-with aflap;- oo EE fo BE; 
Through the cover -of the ciſtern G H, a ſmall hole being. 


| made, deſcends a rod of mettal O M fitting the hole; to whoſe - 


lower part-the braſs veſſel M is ſoddred faſt being.inverſſed,: to- 
wit, ſo that the open part of the veſſel,-or- bucker, look down--- 
wards, and-to the other end-of-the rod. O, is faſtned. the:arm-: 
O -N, which is-ſo'poſited in N, that it-may eafily bemoved p<: 

wards or downwards ; to the ſame little arm: O N is. afhxr:ſach - 
another like.rxod, which deſcends in the ſame manner into the - 
lower ciſtern, and-ſuſtains the.. weight L within the.ciſtern; . fi-:- 
nally, that little arm is furniſht with a little-wing#a;- hindering; 
its coming:upwards;. and: 'tis -intercepted::'with a.douþle-ſtaff, 
or. ſpear, or berween-the notch PN, *ris inerrupted*;by; the.: 
little: arm- b-a thwart;;'ithis. kind of -- ſtaff or- notch;:o0n-1ts-up+- 
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per part P, is faſtned to another ſtaff or leaver P Q V, and to 
the ſame-teaver-ir- Q,-is-knit-or-faſtned another-rod 1 Q-R; -by 
whoſe means the flap I is opened and ſhut: Furthermore the [ea- 
ver RST is moveable about the centre,'by help whereof while 
the flap D is lifted up or opened, the other flap E is depreſt 
a2d ſhar, and VICE verſa. T8 9 ns RY | 

Theſe things. being thus diſpoſed, . that ſome determined part 
of the water which deſcends into the Cifterns G H and X Z, 
may aſcend again to any given height, (as for example ) into 
rhe upper Ciſterns A and B; above the ciſtern G H make. ano- 
ther vellel,or ciſtern C E, yer ſo, that it may be ſomewhat low- 
er than the ſuperficies of the water that is in the ciſtern A B, and 
ler ir be.cloſe ſhur every where that no air.enter in., ,Through 
its bottom,and through the cover of the ciſtern G H, -let the 
Tube C H deſcend reachingalmoſt to the bottom of the ciſtern 
G H, and almoſt touching the cover of the ciſtern C E: Then 
from the ſame veſſel C E,mult aſcend two other Tubes into ano- 
ther veſlel like that before, to wit,the Tube E F, which almoſt 
rouches the-.bottom of the veſſel C E, and. the cover of the up- 


per veſlel D.G; and the Tube. C D, which aſcends from the - 


cover. C of the-lower veſlel, almoſt ro ;the cover. of the -upper 
velkel in D;; : alrogether-in the :ſame manner, two other [Tubes 


G .A,'D -H, mutc aſcend-from. the veſſel D:G, into the-veſlel. 


H A. Laſtly, in the uppermoſt veſſel A H, which much be 0- 
pen without a.cover, fit a Scyphon A PÞ, through which the wa- 
ter is deriyed,or.conveyed, into the ciſtern PQ deſigned for uſe. 
. ;Aboygighe; ciſtera X.2,. in the; ſame order jmuſt-be-placed ſo 
nony: and altogether the ſame veſſels furgiſht, with -the:;ſame 
Tubes-jo lift 6 o,H 0 hilt ol ho od ago ot 

. Then from, thgiciftern; A.'B,; by opening the:flap E F,'the was 
ter flowing into, the lowgr.ciſternG H being cloſe ſhut, *tis com: 
pell'd by the Gompreſt. Air, to aſcend through.the Tube A C,into 
_ che.upper, veſſel CE, the Air.being,excludcd inthe mean while 
trom it by, the- Tube G.,D,; - But in the, ſamgrime In.whicl-the 
yellel;CE, .is;fill'd yith.che Tube. C, its breadth. being {els'than 
the breadth, of the Tube F G,.the- water always flls,che ciſtern 
G H,. and, forces the.inverſs bucket M to aſcend, untilat length 
by: means of the, leaver,or arm O N, hitting againſt the lictle arm 
b,.railes.the ſtaff P N, and.che ſame werk interpoling P Q V, 
bens ghe lp 1, and ſhuts.the flap Z,,; and likewiſe by,, means 


andther leaver, R:T-S, the flap E:is;thut,, and the flap .D 0- 
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pened. Then from henceforth preſently the water from the 
Ciſtern A B, .begins to flow into the other ciſtern X Z, and from 
thence aſcends and fills the upper veſlel L, and at the ſame 
time by opening the flap I, the receptacle G H is emptied of 
all the water, and therefore the inverſe bucket M deſcends a- 
gain, and the weight L in the middle, and the wing @ draws 
down again the ſtaff P N, and ſhuts the flap I, and opens the 
flap Z ; and likewiſe ſhuts the flap D, and opens the flap F, that 
the water may again flow into the recepracle G H ; then by 
condenſation, or preſling of the Air interpoſing, the water 
which now ſhould alcend into the veſſel C E, is forced to raiſe 
higher into the veſlel D G, which being filled, rhey preſently 
change turns, and the flaps Z and E are ſhur, and I and D are 
opened, and ſo the water aſcends from the veſſel L into the 
veſſel M; this in like manner heing fill'd, the flux of water is 
changed, and the water aſcends from the veſſel D G, into the 
uppermoſt veſſel A H, afterwards from the vellel M, into the 
vellel B, while in the ſame time the veſlel A H is emptied by 
the Scyphon, the water flowing into the Common receptacle Q_ 
P ; then again the veſſel CE 1s filld, and after that the veſlel 
L, and in the ſame order alternately new water afcends from 
one vellel to another, as often as the flaps change turns, being 


ſometimes open and ſometimes ſhur. 


Where *tis manifeſt; if the veſlels be increaſed one above ano- 
ther, the water will be forced ro any height although bur ſlow- 
ly ; and the foreſaid veſlels ought to be ſo far diſtant from one 
another, that the height of one above the other, doth nor ex- 
ceed the height of the receptacle, or ciſtern A B, above the ci- 
terns G H, Z X, or the perpendicular altitude of the fall of 


. the water which we conclude to be conſtant. Moreover the 
Tube CD ought to be fitted with a flap, or thin board in C, 


ſo that when the veſſel C E is filled with water, the flap or 
board may ſhur it,that the air break not out through the Tube 
into the vellel above, for ſo this air being comprceit, forces the 
water from the veſſel C E to aſcendinto D G; I ſay, the ſame of 
the Tubes C D and D H, ec. alfo this artitice may be other- 
wile diſpoſed, as ſhall ſeem meet to the induſtrious Artificer. 
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ERGEFEDS, 1; 
Of max Motion from Circular and Right, or from two 


or more Circular. 


WW Hile a Wheel is moved upon a plane ſuperficies, I ſay, the 
| ſame of a Globe, or ball, the central point only of the 


Wheel,or Globe,is moved with right motion,all the other points, 
or parts of the moved Wheel,or Globe, are moved with a mix: 
motion of circular and right. 

This motion of rotation on a plane hath admirable properties 


throughour, which being rightly percieved, it will be eaſy to 


underſtand the other mixt motions: Wherefore we make a 
beginning from It ; but yet we firſt adviſe that circular motion 
zruly and Phyſically conſiſts of many right lines, nevertheleſs 
in this place we will conſtder ic even as if it were altogether 


imple motion, but where it wil] be needful to conſider thoſe: 


{mall parts of right. motion of which ciicalar motion is com- 
pounded, there we. will make patticular mention. 

Fig. 109. Let then the Wheel, or orb, be A Z L Q, imfſting 
on the Plane AD on whuch it-1s to be roted, or turned, and ler: 
rhe right hne A D be equalto the arch A Q, ſo that while the 
Wheel is. moved. towards: D, the point Q-may touch in the 
poor D:; Inthis mation 'tis manitcſt, Firſt, that the Centre of the- 
Wheel O is moved. by the right line OE, for fince the Wheel 
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always touches the plane in ſome point, and the Centre O is 
always equally diſtant from the points of the Periphery, which 
{ucceſlively touch the plane, the Centre O will always be in the 
line OE, and when Q is come to D, the Centre O will be in 
C, and the Centre O always inſiſts perpendicularly on the 
point of Contact. 

Secondly, 'tis manifeſt that any other point is moved with a 
mixt motion ; for if, for example, we take the point L, over 
and above the motion of the centre 'tis moved towards Y, ſo 
thar if the Wheel ſhould nor be turn'd about the Centre O, bur 
only moved upon the plane, always touching the. Plane A D 
in the point A ( which is to move only by the motion of the 
Centre ) the point L will be moved by the right line LY, and 
while A is in D, E will bein Y, O will bein C, and ſo any 
other point of the Wheel will be moved by a right line parallel 
between the extreams A D, LY. In like manner, the point 
L, or any other, will be moved only by a circular motion, if 
the Centre of the Wheel O be altogether immovable, to wir, 
L will be moved by thearch LK e, &c. A, by the arch A T, 
&c. alſo the point N will be moved by another arch of a leſſer 
Circle, &c. Since therefore the Wheel is moved together by the 
motion of the Centre towards E, and by the motion of the 
Orb from Lin Q. and fromQin A, ec. the point L will be 


moved with a mixt motion from both, to wit, of the Centre, 


and of the orb, thar is, of right and Circular ; which may be: 
{aid of any other point, the centre excepted. 


ct —— want wo 
FRUFYT7Y 0, 


Any point, except the Centre of the foreſaid Wheel, or globe, 
deſeribes a crooked line, which is not circular. 


Fig. 109. Þk example, take the point L, and that you may 
get the line which it deſcribes, divide the arch 


in as many equal parts as you pleaſe, ſup- 


of the quadrant L Q : 
poſe three, L K, KA, H Q, allo divide the line of the plane 
AD into fo many equal parts, to wit, three, then the point 
L having paſt over the firſt part of the arch LK, if ir were 
moved only by the motion 7] the orb, it will bein K; me 
5 1 
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If it- were moved only by the motion of the centre it would be ge 
In V, therefore let the right line M1I be parallel to LY, and John 
let K I be equaltoL K, or A B, without doubt the point L e009 
will bein I; For the motion of the orb gives LK, or MK, mo{0f' 
but the motion of the Centre gives L V, or KI. In like man- x 0909 © 
ner, in paſſing overthe arch K H, the fame point L will be in .g0 (f 6 - 
G, if you take H G equal ro A C, or L V, and parallel to LY ; 11; 
For the motion of the orb gives L H, or N H, and-the motion «1, 6 
of the centre gives A C, or L V, which is equal to HG: Laſtly, | ai, We 
in paſſing over the arch H Q, the point L will be in E, to wit, if- 2h AGB 


Q E be taken equal to A D, or L Y, for the motion of the orb: 


gives LQ, orOQ.Aand the motion of the Cenire gives A D,orLY. 
Secondly, take the point A, and that you may have the line- 
which it deſcribes, divide in like manner the arch of the qua- 


drant A Z into 3 cqual. parts, tro wit, in T and Y, then in: -ac6sthe VeIK 
paſſing over the arch A T,. if the point. A be moved only by 520 of 


the motion of the orb it wilt be in T ; but if it be moved only 


tion Of th 
by the motion of the Centre it vat be in B, therefore if you tied 
take T'S, equal to. A B, the point A will be in S. In like man-' tai in paſſ 
ner, in paſling, over the arch TY, if the point A ſhould be. = | 
moved only by the morion-of the. orb, it would be in Y ; but (ene AC, 
if it ſhould be moved only by the motion of the Centre, it- ry 1h int 
would be. in C, wherefore if you take Y R equal to AC, ir Ys rerl 
will be in K. LaRlly, in paſſing over the arch Y Z, it will be OR 
in P, if. ſo.be you take Z.P equal to .A D. wy y- > 
From hence it appears, that thoſe are Curve, or crooked apap | 


lines, and yet not Circular; wherefore fome call them by 


a-proper word, IhbAging-tines; you may call them as you 
pleaſe. "Ys. 


it verſed int 
U10 the mat 


Alf by this you ſee: that the point L, which is oppoſed to nr; dat n 
the point of Contact A, is ſo mcyved, that the motion of the eB, WI, þ 
orb, being. added ro the morion of the Centre, for-each motion: len AC, for 
is in the anteccdent, bur. nevertheleſs. the point of. contract A, Wag Kt th 
is {ſo moved that the motion of the ord is taken away from the: UW nil; 
mation of the Centre; for the. motion of the. Centre is in: the il 
antecedent, but the motion of the orb is. in the Corſequent, Ce pou akl 
notwithſtanding becauſe the motion of the Centre, is greater "2k macs g 
than the- motion of the. orb; it follows, thar the point A. ke heline wi 
Simply and abſolutely. will-be moved in the antecedent, ro wit, al alverthe lj 
rowards. D, ncither will it wholly go. back ; to wit, it will be wy Mm the 
moycd towards D, only fo. much 2s is the. difterence X $S, be-. Won ther 
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tween the motion of the orb AT. or K.T, and the motion of 
the Centre A B or S T. # x | 
Alſo take notice that the point L deſcending in the arch L Q, 
will be ſo moved that the morion of the orb adds ro the mo- 
tion of the Centre, the right fines of the arches ir palles over. 
So the motion of the orb L K, adds the right fine M K, to the 
motion of the CenireK I or LV; and the mation. of the ob 
L H adds the right ſine N H, to.the motion of the Centre H G- 
or LV, &c. Bur nevertheleſs the point A oppolite to the point 
L, to wit, the point of Contact with the plane 15 ſo. moved in 
the arch A Z, that the motion of the orb takes away the right 
fines of the motion of the Centre , ſo the motion of the orb 
AT, takes away the fine T X from.the motion of the Centre 
T S or AB, to which TS is equal. Burt now the pointZ is fo: 
moved through the arch ZLin afcending, that the motion of the 
0: b adds the verſed fines to the motion of the Centre; thus the 
motion of the orb of the arch Z 4, adds the verſed ſince Ze, ro. 
the motion of the Centre D-F, wherefore it you take D f equal 
to.AB, the point Z in paſling over the arch Z 4 will be in f, 
likewiſe in paſſing over the arch Z 6h, it will be in g, for the 
motion of the orb adds the verſed. fine Z »,, to the motion of 
the Centre A C, equal to which h g being taken, and in run- 
ning through in the arch Z L, will be in Y,tor the morion of the 
orb adds the verſed ſine HO ro the motion of the Centre L Y ; 
moreover the oppoſite point Q {ſo deſcends through the arch 
Q A, that the. motion of the orb takes away the verſed fines 
from the motion of the Centre; fo in paſling over the arch Q- 
2, the verſed fine Qt; is taken away from » r, which is. put 
equal ro the motion of the Centre A B, and ſo the point Q will 
be in 7; but in palling over in the arch Q p, the point Q will 
be in B, to wit, p 6 being taken equal to the motion of the 
Centre A C, for it takes away ihe verſed fine QI; Laſtly, in 
palling over the arch Q A it will be in D, and ſo the verſed 
ſine Q O will be taken away from the motion of the centre 
A D.. | | 
Hence you eaſily ſee the deſcription of lines, which each. point / 
of a circle runs over being roled, or turned, on a plane. Alſo. 
you ſee the line. which the point L deſcribes in deſcending, that 
1s.to anlwer the line LI GE, and is equal ro the line Z tg Y, de- 
{cribed from the point Zin aſcending ; and the line A:SR PÞ de-. - 
(cribzd trom the point A,antwers, and. is equal tothe line.Q # bD., 
deſcribed 
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deicribed from the point Q, that aſcending, but this deſcend- 
wm | 

Hence alfo it is that the points L and Z are moved - moſt 
{wifr, but the points A and Q moſt ſlow; and the point L is 
moved Switreſt of all in the beginning, atterwards more flowly.: 


But the point Z by inverſe proportion is moved flowly in the 


beginning, and ſuccellively more ſwift. In like manner the 
point A_ is moved {loweſt of all in: the begining, afterwards 
tncceſſively more ſwift, but the point Q by inverte proportion 
15 moved more {wift in the beginning, and in the end mot 
low. Wherefore all the points indeed are moved with un- 
equal motion, while they run over the quadrant; - but 
the whole quadrant being compleated, the motion of the poinr 
L, and of the point Z' come to be equal, ſo alſo the motion of 
the point A and of the point Q. 

Moreover you ſee the Centre O to be moved {wifter in the 
beginning than the point of Contact A, but in the end more 
low, and the {pace which the point O diſpatches from O in C, 


i5 greater than the ſpace which the point A diſpaiches from” 


A 1n P. 
Alſo you ſee that no point is moved with an equal motion, 


except the Centre, but by an accelerated or a retarded motion; 
{o that from two oppoſite points one is moved with an accelerate, 


motion, as the point A, bur the other with a retarded motion, 
as the point L. | 

Art length if you take the point B 45 degrees, that is, which 
diſpatches the greareſt ſpace of all, for the morion of the Cen- 
tre OScqual to A D,is added to the motion of the orb from B 
in 

Fig. 110, Thirdly take a point within the Circumference, 
{uppoſe the point F: And that you may find the line which ir 
deſcribes, make the Circle F 4, G 9, and divide the quadrant 
F 4 into 3 equal parts marked in the points 2, 3, Then while 
the motion of the orb comes to 2, the motion of the centre 
A B or 2, 5 is added to the fine 2, 1 of the*'arch F 2: In 
like manner while the motion of the orb comes ro 3, the mo- 
tion of the centre A C, or 3, 6, is added to the right fine H 3. 
Laſtly while the motion of the orb diſpatches the quadrant F 4 
and comes tO 4, the motion of the' Centre Q'7, is added to 
the right fine Q O, and deſcribes the line F 5, 6, 7: In like 
manner, by what hath been ſaid, you may eaſily find the other 


lines 
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lines which the other points of rhe ſame lefler circle contai:.*d 
within the greater deſcribe. $So the point 4 deſcribes the line 
4M NP, while the verſed fine 4 R is taken from the motion 
of the Centre AB or L M; and the fine 4, 5, from the mo- 
tion of the Centre AC or TN; and laftly the verſed fine 4 O 
from the motion of the Centre AD or GP. 


| — A— 


——_ 


EZ-K-U-F- VU Sx 1M; 


A leſſer Wheel included in a greater is ſo moved, that in it 
the motion of the Centre is greater than the motion of the 
Orb. 


OR while the motion of the Orb is made through the whole 
quadrant F 4, the motion of the Centre is made through 

the whole right line O V, which certainly is greater than the 
arch of the quadrant F 4. In like manner the motion of the 
orb through the quadrant 4. G,is leſs than the fame motion of 
the Centre O V ; But how cach point of the quadrant 4 G an- 
{wers each point of the plane G P, upon which the quadrant 
of the leſſer wheel is underſtood tro move, when the plane is 


_ greater than the quadrant, is that famous difhculty which ob- 


tains the name of Ariſtotle's Wheel, becauſe Ariſtotle hath pro- 
poſed it in his2.4th. queſtion of Mechanicks, which Blancanus hath 
explicated, and Merſennus, Galileus, Cabens, Fabrus, and others 
have expoled to view. 


A— —_—_ — oh p—_ * «as —_ 7 WY " — _ 
— — 
— — Lo — 
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The difficulty of Ariſtotle's Wheel, that is, the motion of the 
leſſer Wheel when this is direfted by the motion A the 

. greater,and the motion of the greater ; when this is diref- 
ed by the leſſer, is beſt Jolved and unfolded from the na- 


ture of this Circular motion,. ſo far as Phyſically 'tis com= 
pounded of many right lincs.. 


| Bw the Wheel be A CH infiſting on the plane C E, whoſe 
Ly radius is A C, and within this another lefler, ſuppoſe ir 
ſubduple, A DB is included, whole radius is A B; and let the: 

plane: 


152 Mechanick Powers. Book VIII. 
plane CE be equal to the arch of the quadrant CH, ſo that 
while it is turned upon the plane CE, each point of the arch 
anſwers each point of the plane ; When therefore the leſſer 
Wheel in this motion is carried away by force by the greater, 
{urely the point D will come to F, when the-point A will come 
to G, that is, the radius A D will meet with G F. 

Therefore the whole difficulty will depend on this iffue, that 
BF will be double the arch BD, if ſo be the points of the 
arch B D ought ſucceſlively to correſpond with the points of 
the plane,or of the line BF,or each point of the arch BD anſwers 
each point of B F, oreach point of BC anſwers two of B F, or 
the alcern points BF by skips remain wholy untouchr; for neither 
doth any thing elſe ſeem toremain which can be ſaid.in truth none 
of theſe. ought tobe ſaid : For if it be faid in the firſt place, that 
there is ſo many points in the arch B D,as there are in the line BF, 
which cannot be fſaid,fince this is doubly greater than the arch: 
Bur if it be ſaid ſecondly, that each point of the arch B D cor- 
re{ponds to two points of the line B F, it follows that the plane 
CE, is double the arch C H, when notwithſtanding they are 
ſuppoſed equal; for when the points B C, are in the ſame 
radius A C, if the point C touch the point of the plane next 
following towards E, it will not .be perpendicular to the plane 
CE. Surely A B when it touches the point of the plane B F 
in B, and is perpendicular to che plane, alſo A C which is ſup- 
poſed a right line will be perpendicular to the plane C E, which 
is parallel to the -plane BP: Therefore it roucheth not the 
plane in any other point than in C,which if it ſhould rouch it 
-would: be alſo in-the other next following point ; therefore 
every point of the arch CH, touches two points of the plane 
CE, therefore the plane C E will be double the arch CH. 
Moreover it cannot be faid thar the altern points, or every 0- 
ther point of the plane BF, are roucht zs it were by leaps, and 
NOt ho other intermediate points, for at the fame time in which 
'ſome point of the plane C E.is toucht anfwering the untouche 
poinc of the plane BF, ſome point of the arch B 13 without doubt 
couches the plane B F, rherefore it touches the point of the plane 
B F,which corrciponds io the point troucht by the greater Wheel 
in the plane C E, for if ir ſhould not rouch the Centre A, ought 
ro be elevated above the line A G,and conſequently the greater 
Wheel will nor touch the plane C E,which 1s againſt the ſuppo- 
fition; therefore no point of the plane B F remains Io 
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Moreover this difficulty hath great force againſt thoſe authors 
who affirm that a body may be compounded of Mathematical 
points, whether finite or infinite, as may appear tO the conſide- 
rate, Concerning which I ſhall fay no more at this time. 

Neither can it be ſalved by thole who admir proportional 
parts to a& infinitly ; for while they fay the point of Contact 
may be made in an undetermined part they ſpeak unconceiv- 
ably ; for ſince the point of Contact is real and ſingular, I can- 
not ſee how it can be indeterminate, which if it be determi- 
nate, that is, in this place and not in another, than 1t becomes 
determinate in this part, and not in another ; moreover '"cis 
ſomething which touches diftin& from all that which touches 
not ; but to touch, and not to rouch, are contradictions, and 
how can thatbe ſomewhat indeterminate from all thar it couches 
not ? Add, that there is no part in the plane B F, whether de. 
terminate, or indeterminate, which remains untoucht ; hovy 
then does each part of the arch B D anſwer each part of the 
Plane B F, when there are as many more in that, as in this? 

Some recur to the greater velocity whereby one” Wheel is 
moved than the other, but if they ſpeak concerning the motion 
of the Centre 'ris falſe, for there is one and the ſame Centre 
A to each ; bur if they ſpeak of the motion of the orb they do 
not evade the difficulty by that, for the queſtion is, why the 
arch BC although it be moved flower than the arch CH, 
nevertheleſs it is meaſured by an equal ſpace, which ſucceſlive- 
ly touches the whole. - PR. & HS 

Father Faber recurs to the incommenſurability of the -plane, 
to wit, of a right line with the arch bf a Citcle;for he-ſays, thar 
alrhough the right line C E be ſuppoſed equal to the arch CH, 
notwithſtanding they can by no means agree, howloever they 
are divided ; but I ask whether they conliſt of an equal number 
of points, ſurely ſince they are equal, they mult ar. leaſt con- 
fit of an equal number of points, ro wit, of Phyſical: oncs ;' 
or then all are touchr by the arch B D,' or: ſome remain un- 
rouchr, and ſo the difficulty returns : He ſays, the points of 
the plane B F are right, or ſtreight, bur the points of the arch 
B D are crooked ; and although a right point be equal to a 
crooked point, and although one whole. point is toucht by 
another point, yet notwithſtanding they are not toucht alike, 
becauſe the extenſion of the one is not analogous with the 
extenſl1on of the other, and he alleadges an exawple. - 


X It 
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It may be objected againſt this explication in the firſt place 
freely, that each Phyſical point compoſing a Phyſical. and rea} 
plane may be mide ; BF 1s a. right line, but each point com- 


poſing the periphery of the Wheel,or the arch BD,or- 
Fig. 111. CH js.crooked, for why cannot the ſame points of- 
ſubſtance, or matter, which compoſe a ſuperficial 


plane, compoſe a crooked plane? Moreover, when a rod of 


Iron, or a plate of metal is made crooked by bending, are there- 


not the ſame points,if not more, in the TON plane after hend- 
ing, as was 11 it when 1t was a ſuperficial plane? Secondly, alfo- 
if we admit the points B Fto be plane, and the points B, D. to. 
be crooked, and. ſo. theſe touch not in an adequate proportion 
each point of the, plane B F, nevertheleſs are there nor little. 
vacancies between one crooked point and another, which for 
that cauſe leave untoucht the points of the plane A, B, C, &&c? 
Beſides, that thoſe crooked points touch nor adequately, to wir, 
in.all their virtual parts the plane points. A B C, doth nor cauſe 
that in each inſtant wherein the Wheel is moved by the mo- 
tion of the orb, the new crooked: point of the Wheel. oughr. 
nor. to. anſwer 'to the new point immediateatly next to that 
of the plane ; if ſo: be the point of the Wheel is equal to the- 
point of. the plane. _ 

The ſame difhculties occur if the. leſſer Wheel: be concieved: 
to be ſo moved, that its. Periphery be equal to the plane. on 
which it inſiſts; for then the greater Wheel. will be ſo moved: 
that its Pheriphery will be double of the other plane which it: 
palles:oyer,; :as if the, Wheel-A B'D- be rurned upon the plane: 
BI, and fince the,.arch- BD is equal-to. the plane BI, the point. 
D will arrive in I, for then the point H: of the greater Wheel: 
at the the ſame time will arrive in L, when notwithſtanding. 
the arch C H. is as. great again as the plane C L ; wherefore: 
each point; of the plane. C.L ought. to antwer to two points. of: 
the arch; C Hi or +» | | | | 

Beſides in. this. motion; . to! witz, when the morion- of. the - 

reater. Wheel, is govern'd: by- the motion.of. the lefler Wheel, 
omethings happen yet- more ſingular ; for in the trr{t. place, 
ſome points of the-greater Wheel go. backward; as. you. may. 
{ee after;that the. Centre of the Wheel A is come to K, and. the - 
point D-is come to. I, the point H will be in L, and confe- 
quently,-go backward: In like manner the point of Contact C. 
goes backward. after that, ts. come.to. My. and. conſequently. 
+ K all. 
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All the points of the Quadrant CH go backwards, but the 
middle point R, chiefly goes backward moſt of all, for it goes 
down from R to S as appears, but the other points go back- 
ward here and there leſs and leſs ſucceſſively. IT 
Secondly, ſome points neither go forward nor backward, viz. 
in the end of the motion, when the point H comes ro L, «is 
diſtant the ſame meaſure as before, from the fame term, viz. 
from-the line C N ; So the point X will be .inZ, and. the point 
Y will be in V, and ſo. in the end the motion gains nothing 
of ſpace towardsP ; notwithſtanding 'tis to be obſerved, that 
thoſe two points ſometimes go forward and ſometimes back- 
ward, ſo the point X in the beginning goes forward bur after 
wards goes backward, but the point Y in the beginning goes 
backward, and afterwards goes forward, bur becauſe they go 
back the ſame ſpace as they go forward, they acquire no ſpace 
in the end of the foreſaid motion. NE TS | 
Thirdly, all the other points of the arch-Y-Q.N X go for- 
ward, that is, in the end of the motion they have acquired 
{pace towards P; ſo the point N will come to P, the point Q_ 
to O, the point T in b, &c. neyertheleſs all theſe points go not 
always forward, as appears from, whar's ſaid inthe 2, Prop. but. 
becauſe they go forward more than they go back, therefore 
in the end of the motion, it appears that they have gone for- 
ward ; In like manner we will ſhew, that choſe points which 
are in thearchX RY, and which go backward, do nor con- 
tinually, or always go backwards, but their going backwards 
appears 1n the end only, becauſe they go back more than for- 
wards.  , _ 
Theſe things being noted and obſerved, it will not be hard 
to explicate all thoſe motions according to our doctrine; for to 
that which is the chief head of the difficulty, we ſay we oughr 
not tO Conſider that mixt motion, to, wit, of the point H 
( while the whole arch C H, paſles over only the ſpace of the 
plane CL] as one only and ſimple motiop, for it is really 
many and various, for as much as 'tis compounded: Phyſically, 
of many right motions, to wit, *tis compounded in the firlt 
place, from thoſe right motions which compound Circular 
motion, then *tis compounded of thoſe and of anether right 
motion, becauſe the Centre .A, common to each wheel is . 
moved : From whence it comes to pals, thar the point H, in 


the motion of the orb from H to C, while ir goes backward 


X 2 together 
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together alſo, while it goes forward, 'tis carried by the centre 
A, and as it were carried away by force towards P ; notwith- 
ſtanding it doth nor go forward and backward, in the ſame Phy- 
fical inſtant, as Father Cabers contends for in his book of Meteors, 
( for tis impoſſible for theſame movent, to be moved by two op- 
polit motions together ) bur ſo that ſome Inſtants it muſt gofor- 


ward,and in others backward, which muſt needs be ſaid of ſome 
points, as X and Y, as we have obſerved before, to wit, if the 
whole time, in which the point H is moved, from H going. 
down to L, be ſuppoſed to be 12 particles, we ſay, 'tis moved ; 
for example, 5 of thoſe parts by a right motion from H, or 


from A in P, that is, by ſmall parallel lines of A P towards P : 


> 


and the other 7 particles to be moved in the oppoſite part in 
going backward, from whence ir comes to pals, that when the: 


regreſſion 1s greater than the progreſſion, in the end of the 


motion the regreſſion only appears, to wit, when it comes: 


in L, and becauſe thoſe particles of rime wherein ſometimes ir 
goes forward and ſometimes backward, in each ſhort time are 
almoſt innumerable and inſenſible,, becauſe of the brevity, and 
makes the progreſſion and regreſhon by turns, any motion 
and time being aſligned will appear only in the end of the pro- 
greſſion if it be greater, or only in the regreſſion if the pro- 
greſlion be lefler. 

Hence you fee nothing hinders bur that the points. of the 
plane C L, are in number ſubduple of the gps of the arch 
C H, when notwithſtanding that arch pailes over only that 
plane C L; for by the method explicated by us, doth two: 


points of the arch very well ſucceſſively touch one and the: 


ſame point of the plane, to wit, if in the firſt inſtant the point 
C of the arch C H, while the arch D 1s carried by the centre 
A, touches the point of the plane C, which in the anticedent 
inſtant it rouched not ; and in the fecond inſtant, another point 
of the arch next to C, touches thar fame point of the plane C, 
while the motion of the orb goes backward, and, as I may fay,. 
creeperh upon that point C: Then again in the third. inſtant, 
the third point of the arch touches the fecond point of the 
plane, and in the fourth inſtant, the fourth point of the arch. 
Ccreepeth upon that ſame ſecond point, &c. 

But it may be ſaid that cannot be, becauſe the centre A 
ovght to aſcend upon the line P A, I ſay, this is ab{ur'd, if the 
| MOLLONR: 
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motion and the circle be conſider'd Mathemarically, but nor if 
it be conſidered Phyſically, for ic aſcends and deſcends always 
inſenfibly ; and that by ſome {mall part of the plane only, ard 
the compreſſion and tenſion of the wheel, withour which ir 
cannot be Phyſically moved upon the plane, as will clearly ap- 
pear from what follows. 

Therefore all occaſion of Error proceeds fiom this, that they 
would apply ro Phyſical motion and Phyſical quantity, a mo- 
tion Mathematically conſidered, or quantity and the nature of 
a Circle, which is nor given after a manner conceivable ; more- 
over they conſider the motion of the point H, by the crooked 
line from H in L, all one as if it were one only motion, when 
notwithſtanding 'its manifold and divers; like as they confi- 
der, for Example, the form of mixt, as it were one ſimple form 
diſtin& from the forms of thoſe Elements compounding the 
mixt, when nevertheleſs 'tis not ſomething abſoulutely diltinCEt 
from them, but only in the manner as I ſhall ſhew in its place; 
wherefore alſo that mixt Motion may truly be conſidered as 
one ſimple motion by one only crooked line, becaule the recti- 
rude of the ſmall parts of which 'tis compounded 1s not ſen- 
ſible, like as the leaſt particles of Elements are not ſenſible in 
mixt ; but notwithſtanding *ris truly compoſed of the motion 
of the {malleſt right lines, ſince in nature there cannot be given 
a motion perfectly circular, as is ſhewn before. 
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A Globe, or Wheel, while tis moved upon a plane, whether 
Horizontal, or inclined, is moved by a mixt motion ofea 
circular and a right, and is determined according to a 
circular motion from the impediment which is in the con- 
tatt of the plane on which 'tis moved. 


PE ———— 


Fig. $12. 
what hath been ſaid; and that the circular moti- 

on about the centre ariſes from the impediment in the point 
of Contact ; to wir, from ſome reſiſtance and. rubbing. of the 
plane is proved, becauſe the circular motion is not the naru- 
ral by Prep. 4. Therefore it ought to ariſe from ſomthing with- 
Our ;, 


Hat *tis. moved with a mixt motion, appears from: 


wh 
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out; but circular motion as ſuch, is cauſed from impediment 
only ſuccellively determining new Imperus's by new tangent 
lines ; but in our caſe when the centre is not impeded, bur is 
alſo moved, it cannot be an impediment to the centre, nor to 
any thing that adhears to it, ſince nothing there is without it, 
therefore 'tis impeded from the plane only. Secondly, 'tis 
proved, becauſeift any onepuſh forward the Globe A by a puſh 
tending from C to D, in a line parallel ro the plane B E, the 
Globe nevertheleſs is turned on the plain while ir goes forward 
in E, but 'tis rolled in vain, unleſs it ſuffers ſome reſiſtance in 
the contract B; for why is not the whole moved by a right 
motion, if ſo be its impetus is impreft by a rizhr line, and pa- 
rallel to the plane BE? 

You will ſay 'ris eafily moved, if ir be moved by the mixt mo- 
tion, from the right motion of the Centre and: the circular of 
the orb, bur why is it moved ſo eafily 2 Moreover the Centre 
A, doth nor more approach to the Centre of the: Earth, by this 
that the Globe is moved circularly, for *tis always diſtant to 
the Semidiameter AB, in the Horizontal plane BE: And the 
impulſe when it 1s by the right line CD, is eaſter deſtroy'd if 
the Globe- be moved by the motion of the Centre, together 


with the motion ofthe orb, than if ir be moved” only by the. 


morion of the- Centre ; yea, *tis eaſter deſtroyed if it be moved 
by both motions than by one only ; but chiefly becauſe the 
motion of the orb is not meaſured from that Impetus by a right 
line, but only by the motion of the Centre. 

You will ſay, when-it defcends by an-inclined plane, it de- 
ſcends eaſily, if it be moved together by the motion cf the orb: 
For-lince in this caſe the Centre of gravity is without the line 
of dire&ion towards the end of motion, *tis determined from 
its Centre, or from its gravity to ſuch motion. 

I anſwer,. neither in this caſe ought the motion of the Orb 
to move, if there be: no reſiſtance of the' plane; for rhe' reaſons 
are muſter'd up; for'by this that "tis moved with a circular mo- 
tion, it Comes not nearer the centre of the Earth, nor to the 
end of motion,. for by how much the motion of the upper 
points are- accellerared, by ſo much the motion of the lower 
points are retarded by-that 'motion of the Orb, as appears by 
what is ſaid ; therefore ſuch motion 1s in' vain, when no 1m- 
pediment is taken away, for - Imp tus: a&ts only to take ' away 
impediment; as is often ſaid-; theretfore- it there be 0 
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diment in the point of contact, why doth the Globe always 
inſiſting in the ſame point on the plane, creep not onthe plane * 
Doth not the tmpetus's, whether they be violently 1mpreit On 
the Horizontal plane, or by their natural gravity on an incli- 
ned plane, obtain their end in the fame manner, yea, calter, as 
is ſaid ? | 

Surely if a Globe be ſtript of all gravicy, and then receive 
fome impulſe from without by a. right line, and ſhould this 
Globe be in a vacant place, or in fuch. a place wherein it fut- 
fers no reſiſtance ro motion, or no more 1 one part than 11 a+ 
nother, there would be no reaſon why it ſhould move by the 
motion of the Orb, but it would be moved o::1y by the mo- 
tion of the centre, by a line determined from the impreltt. 1-- 
2etus, Whatſoever the ſame be, whether Horizontal, or inclin- 
ed; or Perpendicular ; for why ſhould: it rather move 1n cone 
part than in another. 

You will ſay from the foreſaid: Experiments, that while a 
Ball is thrown through the Air, 'tis moved. with a double mc- 
tion, to wit, of the Centre, and alſo of the Orb; and yet in. 
the Air, there 1s no rubbing-or ſcratching with the plane, nor: 
no impediment ;. yea, it ſeems, it the reſiſtance which is of- 
Air, 'tis equal abour the Ball, that therefore ir ſhould not move. 
rather in one part of motion of the Orb than in another. . 

I anſwer, the Ball-thrown is often ſo thrown, thar at the. 
{ame time wherein the Impetus is imprinted. before 'tis ſeparated * 
from him thar throws it, 1s not imprinted by one right line on-- 
ly, but many Imperus's are imprinted {uccellively by many lines - 
which compound ſome. crooked line, for the Arm; or thar. 
which caſts the Ball, while it caſts ir, is not moved by. a righr. 
motion, but by a circular, that is, the Ball being ſeparated : 
from the Arm, while thoſe Imperus's are propogated in it, and: 
new ones produced by the ſame lines, the Ball mult neceſflarily. 
be rurn'd roundabout its centre.Hence it is that oft-times alſo a- 
Ball is a little rurn'd abour irs centre, if it be caſt by one con= 
tinned impulſe by a right line, as you may obſerve: Belides 
that 'tis always bur lictle turn'd, becauſe *tis never made ſo - 
Spherical and perfte&, bur the Air refiſts more one part. than a- 
nother ; add, that if it be not truly Homogenious, or all alike, 
{o-thar the centre of the figure altogether agrees with . the: cen- 
ice of gravity, ſince it can ſcarce be caſt by that preciſe. line 
which joins each centre, if it be.nor.calt by this line, and even, 


ſo - 
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{o that the centre of gravity be right before, and preſently is 
leparated from the Thrower, or likewiſe if it be ler drop free- 
ly, and falls from, on high, it turns it ſelf until the centre of 
gravity be placed in the formoſt part of the line of DireCion, 
and ſo ir contains the impetus of rotation which is likewiſe pro- 
{ſecured towards that part : And this is the reaſon why things 
that are thrown,or caſt through the air, are moved with a mixt 
motion of rizht from the Centre, and of mixtfrom the orb, and 
alſo of thoſe that fall of their own accords ; hence a Cylinder 
whole heavier part declines downward, while it falls of its own 
- accord from on high, is not turned about the Centre,burt ſome- 
yan about the axis, from the unequal reſiſtance of the am- 
ient Alr. - 
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In the deſcending of heavy bodies on an inclined plane, or 
through the free air, the motion of the orb, hinders not 
the motion of the Centre. 


"I S proved, becauſe the impediment which determins the 
Circular motion in the Globe, is not in its Centre, but 
in the Periphery, to wit, in the contact with the plane. or in 
the contact of the ambient air in thar part to which the air moſt 
reſiſts ; and this impediment hinders indeed the motion of the 
whole Globe, and at the ſame time determines in it the Cir- 
cular motion ; but that circular motion hinders not,nor retards 
the motion of the Centre, which is like manner tends down- 
wards, whether the Globe be moved circular or nor. 

Hence one impetus deſtroys not another, unleſs when the 
impediment of the motion of the Centre deſtroys the natural 
impetus, and the inclined plane, or the air while it hinders 
the motion of the Centre, ard deſtroys its natural impetus, 
produces according to the laws of reflexion another impetus 
by the tangent, and when this impetus produces ſucceſlively 
a new one by a new tangent, it makes the motion mixt, or 
ry double, to wit, the motion of the Centre and of the 
OrD, 
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And you may obſerve in motion on an inclined plane, not - 
only the motion of the centre to be accelerated, but alſo the 
motion of the orb, becauſe when the morion of the orb is pro-- 
duced from the impetus, by the refleftion from the dire& 
impetus,if the dire& impetus which moves the centre be greater, 
the refleted impetus is allo greater. T | 
Alſo you may obſerve in this motion all the parrs to move -. 
with unequal motion,as may be gather'd from what has been 


ko: ſaid ; from whence 'tis contirm'd again,that they are nor moved . 
$ of ©ts 0x: by an intrinſick principle, for this would be alike efficacious, 
cout for or powerful in every part and ſo would produce an equal ef- . 
Of the & fe in them all. | 
Hence you may gather the reafon- of the Experiments fo]- 
lowing, in which this mixt motion appears from the right 
and circular about the proper Centre, or Axis. 


Experiment, I. 


ed plane, 


ml Play Boys make ſhort darts with a point, in one end whereof 
Enders E 


there is a flirt cur, and paper folded like a fourfold wing, and: 

put into it, while this quavers, or ſhakes, the ptint - goes be- 

fore, and the paper ſo hinders the deflexion that *tis the cauſe 

that while the dart tends rightly to the mark, 'tis turned to- 

| gether about the proper axis : The reaſon this, becauſe the 

plane, Ci! air while *tis ſtruck by thoſe wings, reſiſts the motion, which 
the ar 1 otherwiſe would carry the dart, by a right line, and it qua- . 
anon Ot: vers to and again and hits on the ſides of the Wings, and this . 
nithe® © certain reflc&tion together with the dart, is converted into a . 
gr,n0r Fells Circuit, fince this motion is eaſy to the dart and hinders nor 
rends dow the right motion ; the ſame may be ſaid of an arrow. | 
UL 


when [ Experiment. II. 
the 045 


(eterminst: 
> Centre, 


The like Phanomena you may obſerve in thoſe flitting reeds, 
which Boys alſo play with, for they fix 3 or 4 feathers into 
wood, or 2 bony ſheath, which while they ſtrike the air, they 
force thar wood or Cylinder to turn it ſelf abour its proper 
Axis ; bur if it be furniſht with only one feather, this circular 
motion will not be ; likewiſe if any feather be broke, or nor . 
enough ſever'd from the other, rhe circular motion ceaſes :. But * 
if the feathers are much ſever'd from each other, the morion 

6 Tl 
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1s flower, viz. as well the right motion of the axis, as alfo 
the Circalar motion about the axis: And the feathers ought to 
be ſofitred riſing from the botrom to the top a little bent, and 
made crooked increaſing the ſevering or parting: The reed or 


little Cylinder of wood always goes before in the motion, and 
the motion of the Axis aſcends more {wift, and: the circular 


motion about the Axis leſs ſwift; moreover after the aſcent 'tis 


turned downwards, and the Axis deſcends with a flower mo- 
tion than before ir aſcended, bur with a {wifrer motion abour 


the Axis :: And the reed, or little Cylinder, ought to be ſhort 
and weighty, eſpecially in the end-that goes formoſt, and the: 


feathers muſt not be roo long. 


« » 


Like to this, is that motion, which boys running. make with 


a. double ſtick, furniſh with a veil; and as it were a little mill 
turning about the centre, which is fixt to the moveable Staff, 


or Stick, for thoſe veils, while they run in the air concieve a 
converſion and circular ' motion, which is joined. with a right 
motion. Ih | 

"The reaſon of this Experiment appears thus, in the firſt place, 


that reed, or little Cylinder, furnifht with feathers goes before 
with a right. motion, becauſe 'tis heavier and endued with a: 
greater impetus, and-therefore leads the feathers whoſe motion 
the air refiſts more ; and in reſiſting it comes to paſs.that they 
are refle&ed. from themſelves, and ſo turned about in a circuit: 
together with the little Cylinder,, From the air then refleCting,. 
the impetus: of the Feathers.is imprinted ſucceſlively by a new 
tangent, and from this impetus the feathers are turned: about, 


and with rhe feathers the Cylinder, or reed, burthe Cylinder, 
or reed turns'not the feathers as a certain Author ſuppoſes, to 
wit, the right motion of the reed.is not retarded immediately, 
but the right motion oft. the Feathers, which becauſe they are 
light, have nor ſufficient Impetus to- overcome the reſiſtance 
of the air, .bur mediately; and conſequently the right motion. 
of the reed is retarded, and: determin'd. to the motion abour 
the Axis from the like motion of the feathers; hence if by 


chance the feathers fall off from the Cylinder in the way, the. 


Cylinder or reed makes. a certain longer ſpace, becauſe it hath 
not the impediment of the right motion. from the feathers, bur. 
as yet 'tis turned about its. proper axis for fome little time by 
the circular Ilmpetus preconcieved, which is not preſently de- 
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Secondly, *tis turned about the axis to thar part, to which. the 


feathers ſuffer.the.leaſt reſiſtance of air, for if the air ſhould 
.equally reſiſt all, there is no reaſon why they ſhould be turned 


rather in one part than another ; hence they ought to be 10 
fitted, that they- may Strike the air unequally ; which will be 
if they are ſeperated or divided unequally, and then the mo- 
tion about the Axis will be Swifter. fs meg 
* Thirdly, 'one feather only will not do becauſe it- hinders the 
motion bur lictle, neither is there in it an unequal reſiſtance of 
the air, of which I ſpake; wherefore there are required two 
feathers at leaſt, but three are better, becauſe they leſs hinder 
the turning about the Axis. | 

Fourthly, if the feathers are not ſeperated, the reed is turned 
about the Axis little or nothing, becauſe the air reſiſts them 
bur lictle; bur if they are much ſeperated, 'tis moved flower 
by the right motion, or Axis, but ſwifter by the morion abour 
the Axis; notwithſtanding if they are too much ſeperated, 
rhe motion allo about the Axis is ſlower, becauſe too much re- 
ſiſtance of air retards or hinders each morion ; wherefore the 
feathers ought to be ſo fitted, that they do nor impel the air 
with their whole ſuperficies,bur divide it by the edge as it were 
to CUr It. 

Fifthly, if the feathers are fitted in a right manner that they 
be neither too much ſeperated, nor too cloſe, bur a little bow- 
ed, with a moderate and unequal reſiſtance of air which their 
edges divide; then the motion of the reed about the Axis 1s.not 
only ſwifter, bur alſo the reed is projected further, becauſe 
the feathers are more eaſily broke off from the reed, and a lhit- 
tle reſiſtance of air with ſome inequality ſuffices ro the motion 
of turning about the axis, ſince this motion is caly. 

Sixthly, It aſcends ſwifter while *tis extended, than it de- 
{cends afterwards, as appears clearly; from whence: that is 
confirmed which we have ſhewn before, that heavy things 
naturally deſcending do not increaſe with the ſame kind of 
velociry, whereby the velocity of the ſame things caſt or thrown, 
decreaſes while they aſcend, and although both in the aſcent 
and deſcent, the reed, or cylinder, goes before the motion of 
the Feather ; hence while it aſcends, becaule the Impetus in the 
beginning is greater of the Feathers, which are flexible while 
they ſuffer the reſiſtance of the. Air, chey contract theinſelves, 
whence it comes to paſs that they cut the Air the eater, »d 

; Gap | theretoe 
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therefore the reed aſcends the ſwifter, but 'tis leſs ſwiftly tyrn'd 
about the Axis; but while it deſcends, becauſe it acquires a 
leſſer Impetus, the Feathers make a greater ſpreading thar it may: 
move oftner about the Axis. - 

Seventhly, If the Reed be lighter, it cannot contain fo much 
Impetus, Which eaſily overcomes the reſiſtance of the Feathers; 
wherefore that it may hold out at length, ſo much impetus is: 
required, that the Feathers cannot draw themſelves, unleſs. 
from a great reſiſtance of Air they happen to be very much con- 
tracted,. which while they are, it cannot be moved about the- 
Axis. | 

Eightly, Tf it be longer, "tis harder turn'd round the Axis, 
becauſe it eaſily ſhakes to and again; but the Feathers cannot- 
rogether hinder the ſhaking, and impreſs the circular impetus to 
the Reed ſhaking. 5 

Ninthly, If the Feathers are longer than needfut, they hin- 
der the right motion, or if they arc likewiſe too broad, or too. 
much ſeparated, or if they are too ſhort, and much contracted, 
they are not determined to- motion about the Axis, for the rea- 
ſons ailigned ; wherefore care muſt be taken, as well to the 
length as the breadth, and ſeparation reſpectively ro each o0- : 
ther between themſelves, and to the gravity, or levity, length; 777 
or ſhortneſs of the Reed, or Cylinder.. ER 

Tenthly and Laſtly, the motion of the bearing, and about the <*N 
Axis is mixt of a triple motion, one whereof is from the vio- = 
lent Impetus while it aſcends, another from the gravity, and the 
third from impetus by refle&ted motion, ſuccellively by divers 
tangents whereby the circular motion is effected; and from all- +, ff 
theſe motions, reſults the ſpiral motion as is manifeſt, and a "| 
{ſpire is conceived about a: crooked Cylinder, which poſlefles. XJ 
the whole place of air, or the way which the Reed ſucceſlive- 
ly Dccupies. + 

Hence *'tis- ealy from what has been faid, to determine the 
lines which are deſcribed by each point of the Reed, and alſo: 
of the Feathers ; in which alſo ſome trembling motion always. 
intervenes. 

Allo a reaſon appears of the motion of the double ſtaff co-- 
vercd with the veil, which is. turn'd about circularly, while . Fa 
in the interim *tis-Conveyed by a right motion Horizontally by 
boys,:as they run; allo thar- motion is manifeſt ro be ſpiral, 
which hath Spires:more thick and cloſe, in which "tis moved 
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more ſwift about the Centre, and flower by the motion of the 
Centre. 


P-R-O:P0O- 85- Vs 


— 


A reaſon may be given why a little Wheel, or little Globe, 
being preſt againſt a Table, is firſt thruſt forwards, Put 
afterwards turns it ſelf back again upon the Table. 


He reaſon is, becauſe while *tis ſtrongly preſt again the 
Table under it, this reſiſts that in the point of contact, 
and while at once the I»petus 1s impreſi forward by the retracti- 
on of the Finger, new contacts are made in other points often 
times, that therefore it conceives. a Circular motion contrary. 
to that whereby 'tis moved, if the Impetus be only impreſt for- 
wards Horizontally ; hence *tis, that while it runs forward, art 
the ſame time *ris moved circularly about the Centre, by the 
motion of rotation back again, viz. towards the Finger ;- and 
becauſe that circular impetus continues longer than a'right one, 
this ceaſing, the other continues and. compleats its effect, and. 
{o the Globe turns back again ; for it cannot be turn'd abour its 
centre, while it reſts upon the Table, unleſs at once it be mo- 
ved with a right motion of the centre towards the ſame part by 
the reſiſtance of the Table in the point of contact, where you 
ſee this motion truly to proceed from ſome reflection, for the 
impetus impreſt backward after that,is ſo weak ( for 'tis. weak- 
ned from the reſiſtance of the plane Table) that it. cannot over- 
come the reſiſtance which is in the point of contact, from the: 
Tables reſiſting *tis ſomewhat reflected, and when the circu- 
lar impetus Continues, whoſe effect is eaſily obtained, neither 
can it be obtain'd but that it muſt role back again, therefore 
'tis no wonder that it retroceeds. 

Therefore *tis falſe, that any impetus can perſevere without 
the motion which exacts it, as Father Cabens would have it . 
for a little Globe, or little Wheel, is always moved with a cir- 
cular motion about its centre towards the extrudent, in the 
lame time wherein the motion of the centre tends forwards ;. 
yea, I have obſerved diligently, that if ſometimes one touch 
a Globe while it rans forwards, it will not role about its Pro=. 
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Per centre, bur creep upon the Table, which it always touch- 
eth in the ſame point, then the Globe reflects not, nor goes 
back. 

And 'ris to be obſerved, that while the Globe tends for- 
wards, the motion about the centre is weak and flow, to wit, 
becauſe the right motion upon the Table in a manner reſiſts the 
Contact, for ic drives out, the motion about the centre into 
the oppoſite part, to wit, forward ; but the impetus ceaſing, 
whereby 'twas moved forward, . the impediment of the motion 
about the centre ceaſes, yea, it acquires a new determination 
to this motion, to wit, from the reflection of the planes refi- 
ſtance. | | 

This reaſon aſſigned by us, appears not only from this, thar, 
as I ſaid, the Globe is not rolled back again, unleſs it be rolled 
abour the centre alſo, in the ſame time which it runs forward ; 
but alſo from this following experiment. | 


Experiment Il. 


' Fig. 113. Graſp the.Globe A, ſo with your Fingers about 


the Pole: A, and the other: oppoſite to it, that you may imprint 
the circular i»»petus abour thoſe Poles, or about the Axis where- 
by *tis moved from E'through H ro G; and at the ſame time, 
caſt the Globe through the Air, ſo that it goes by the line E F 
GC, and falls upon the Horizontal plane in B, if that motion a- 
bout the Axis be {wift enough, either it will ſtay in the point of 
contact B, and yet it will be turn'd about for ſometime up- 
on the Axis from C through D in B, or alſo many . times 'tis 
reverted from B rowards G upon the plane ; where 1t appears, 
in ſo much as the Globe is determin'd to the motion of ro- 
ling back again upon' the Table, or Pavement, after thar 'tis 

\ ._ © © Caſt or thrown forward through the Air, in ſo.much 
Fig. 114. 'alſo ir hath the motion abour the Centre, while 1t 
Rs is borne through che Air; for from ' this-it 1s that 
the impetus being deſtroyed, by which ir tends forward, while 
the Globe falls on the pavement, 'tis neceſlarily from thence re- 
flected back again. For the Globe projected in the Air, pro- 
ceeds by the line A BCD, and in the mean while is rurned 
from B rowards C D about the Centre C, while it touches the 
Pavement E D in D, according to the laws of reflexion 1t 
ought to refle& in F, and preceeding further to the ſame $6 
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with ſo much impetus-as DI; bur if that impetus be ſmal 
(even as *tis when the line C D comes near to the perpendi- 
cular C L ) and the impetus whereby 'ris moved about the Cer- 
tre be pretty ſtrong, this prevails over that, and while 1t per- 
ſeveresthe Globe muſt needs role towards E upon the Pave- 
ment ; hence ir does not always go.back; but only then when 
the motion about the Centre is ſwift, and it falls upon the 
pavement by a line which approaches more to a perpendi- 
cular. | | 


——————_— f VRIES 
2 ”"Yy 
—— — 


PROPOS. VII. 


The motion of a Rope,or of a Ball,or Globe, faſtned to the end 
of a Rope about a Cylinder, is a Spiral motion compounded 
of many Circular. 


Piral motion 1s divided into many kinds, one whereof is 
when the motion is made about the ſame: Cylinder, fo 
that the circles are always equal, and this is mixt of circular 
only and right: Such as we ſaid was the motion of the reed, 
or Cylinder, furniſht with feathers ; and of the double ſtaff 
provided with a veil, &c. and there is another Spiral motion 
alſo, which is made about the ſame firm centre, but by cir- 
cles or wreaths enlarged or leſſened ſucceſſively more and more, 
or departing from, or approaching to the ſame centre ; more- 
over there is another Spiral motion, in which the wreaths are 
not only enlarged. os letfſened ſucceſſively, bur they likewiſe re- 
tire from the former centre, to wit, it always Changes the 
centre, and this is mixt of many circular, and of the right mo- 
tion of the centre ; bur the ſecond kind of Spiral mo- 
10n 15 mixt of. leſſer circles only ſucceſſively ; the firſt Fig. 115: 
ſpiral motion is ſhewn by the figure A B, the ſe- 
cond by the figure C'D, the third by the. figure EF.. 
Theſe things being fore-known, if we conſider the motion: 
of a rope about a Cylinder, whether the rope be turn'd abour 
by the Cylinder by circles, having divers centres in divers 
points of the Axis of the Cylinder, if it be, *tis a ſpiral. motion. 
of the firſt kind ; bur if the motion of any determinate point 
12 the rope be confider'd, as for example, the <1.d of theRope 
or. 
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or the Globe annexr to 'the end. of it, then either it may 
{o be turned about by the Cylinder, that the ſame centre a]- 
ways remains in the ſame point cf the Axis, and then ir ap- 
pears, that ſince the radius is ſhortned ſucceſlively, from thar 
Globe is made a ſpiral motion of the ſecond kind, which is. 
compounded of circular motion only, for there ' may be per- 
received {o many circular motions, although nor perfe&t,: as the:e 
are wreaths, or rather ſo many new determinations. to new 
Circular motion, as there are conceived Radius's one lucceflive- 
Iy ſhorter than another ; or, it may be ſo turn'd about by the 
Cylinder, that the centre is changed at once, and then the mo-= 
tion of the Globe, or the end of the Rope, will be a ſpiral mo- 
tion of the third kind, ſuch as may be conceived to be made 
abour the Cone E F, from F in E, which appears to be mixt 


from a right motion of the centre, through the Axis of the- 


Cone, or Cylinder, and of many circular ones intelligible by 
Sence ; for it cannot truly be ſaid, that there are many circu- 
lar motions, ſince none makes a perfect circle, yea, no part of 
thar ſpiral line 4s part of a circular line , bur if it be taken ' as a 
{mall part, *cis a right line from what hath been ſaid before ; 
if as a compounded part, it conſiſts of many right lines, viz. 
of many Tangents, yet not of the ſame circle, but of divers -cir- 
Cles as appears. eY 

Hence *tis, that if a Cylinder be thicker, and a Rope of the 
ſame length being put on it, *tis eaſter and with leſs imprinted 
impetus tarn'd about by the Cylinder; to wit,' becauſe the parts 
of the circumference of the: Cylinder are thoſe which refiſt by 
impulſe by a right line impreſt in the beginning, and by the im- 
pediment, or a certain refle&tion, they determine to new: and 
new lines oftentimes; and by how much greater the circumfe- 
rence is, by ſo much the leſs frequent is that ney determinati- 
on, as appears from what has beenfſaid, and: fo the leſſer 7 
pctus is deſtroyed, as that: which is moved by-a greater circle 
is leſs wearied or tyred. [Se] bs COVE F001 

Secondly, It. appears why 4 Globe doth not aſcend; nor is 
rurn'd about- by a Cylinder; if the impetus be roo weak in pro- 
portion to'the thickneſs of the Cylinder, or to the length of 
the Rope ; for although it Þe-ſo great that a right line could al- 
cend to that height, yet While it often ſuffers reſiſtance by re- 
flections and new-determinations, *tis much abated. 


Thirdly, 
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Thirdly, if it be once turn'd abour, it eftects all the reſt of the 
turnings about eaſily, becauſe the circles are ſucceſlively leſſened, 
and ſo the motion is always leſſer, when notwithftanding the 
former impetus perſeveres almoſt the whole time: For it once 
the imprinted impetus decreaſes leſs than the wreaths decreaſe, 
one of the greater wreaths being finiſher, the other leſſer are alſ95 
eaſily and therefore ſwifter accompliſht, and the velocity is 
increaſed proportionally to the leflening of the wreaths, nor ab- 
ſolutely bur comparatively to the remaining imperus, ſince alfo 
here, as is ſaid, *tis decreaſed or leflened ſucceſlively, notwith- 
ſtanding lefs than the wreaths ; for if the wreaths ard the im- 
petus were leſſened equally, the motion would nor be quick- 


ned. 


- ———————————— ———  —— 
— 


_ _—_" 


PROPOS. I*%: ie. I16. 


If a Glebe,or Wheel, be moved and turned about on a crook- 
ed ſuperficies which is immoveable,it makes a mixt motion 
from a deuble circular. 


Et the crooked ſuperficies be A BC, upon which the Globe 
L B D is turned towards C; while the point E comes to F, 
the Centre of the Globe H comes to G. For the Centre alone 
is moved only by a circular motion through the arch HG1; 
but all the other points of che Globe are moved circularly by 
the motion of the Centre, and in like manner alſo by a circu- 
lar motion about the proper centre, Or ax1s. 

But *ris ro be obſerved, that this mixt motion may be conli- 
der'd divers ways, for the crooked ſuperficies on which the 
Globe is roled is either convex, or Concave; and again, the 
Globe is turned either on a greater Circle, or a letler, or an c- 
qual; if notwithſtanding the Concave be equal or lefler, the 
Globe,or Wheel, cannot be moved,as appears. 

Moreover, obſerve that the Globe Bb D, whether it be les, 
or equal, or greater, than the Wheel, or crooked Superkicies, 
on which 'tis moved, may be ſo moved that the Line of ttc 
move-ble Globe B E, which fuccetlively touches the Circle 
ABC is equal to the Line BF, when the point E comes to &; 
or it may ſo be moved that the lineBE is leſler, or latlly, tv 
that 1t be greater than BF, 

Z Thirdly, 
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Thirdly, the forefaid Globe may be 'underſtood to move by 
the motion of the Centre towards C, and in like manner by 
the motion of the orb towards A, to wit, ſo that the point B 
tends to E and D, &c. and in each cafe the motion of the 
Centre may be equal.ro the motion of the orb, or greater, or 
on, 

Feurthly, Note, that if Copernicus his opinion be true, that 
the earth is moved with this mixt motion, to wit, by the mo- 
tion of Centre through a circle of the greater orb abour the 
Sun, and by the motion of the orb about the proper Centre; 
and the motion of the Centre ſhould be grearer than the motion 
of the orb, according to the common opinion concernivg the 
Niameter of the great orb, which the earth runs through in one 
whole year: - Where allo obſerve, that every point of the ſame 
paralle] Circle are moved with unequal velocity ; for whe- 
ther we ſuppole the motion of the orb and the motion of the 
Centre to be cowards the ſame part, ſuppoſe towards C, when 
the point E comes to F, and the Centre H in G, the point B 
will be inE, and the point D will be in L, wherefore the point 
of Conta& B is moved ſloweſt of all, bur the oppoſite point D 
\wifteſt of all; that anſwers to the Nocturnal meridian, this to 
the Diurnal meridian. Or whether we ſuppoſe the earth ro 
be moved by the motion of the Centre towards C, and the 
motion of the crb from B in E, D, &«. in this caſe the con- 
trary happens, to wit, the point of Contact B is moved \{wifteſt 


of all, for it comes to L, and the point D ſloweſt, for it comes 


woE; and theſe kinds of motion of divers points of the ſame 
circle will be flower,or ſwifter, according to the divers propor- 
tions of velocity of the motion of the Centre, and the motion 
of the orb, nevertheleſs all will be by crooked lines, as appears 
by what has been ſaid. 

Fifibly, after this laſt manner, ſome Epicicles are faid to 
move by Aſtronomers, to wit, by the motion of the Centre 
to the Eaſt, according tothe Series of the Signs, or, as they ſay, 
in the Conſequent; ſuppoſe the Centre C towards A, and. the 


Supream point, or the Fianets Apogeaum D, moved in the op- 


pofite part Fom Din E towards the weſt, and, as they ſay, in 
the Antecedent. 

Burt ſince the foreſaid motion may. be divers according to 
the divers magnitudes, ard proporiions-of the Circles, it ap- 
pears ueverthekels trum the dottiice dcliver'd betore, mas the 
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lines of all the points deſcribed by the motion of any circle, may 
be determin'd howſo'ver *tis moyed on one or another, which 
may be of great uſe in Aſtronomy. 


- o—DERPUOrnmnRRn— wo—_ _ Foun ere aro term CDT mo 
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The Spiral motion of Sphares may be explicated, to wit, 
when a Sphere is moved by a motion mixt of Right and 
Circular, or of two Circular ones. 


Fig. 1 [7-H9: in the firſt place,let the Sphzzre BC be moved by 

its centre A through the right line AH, and at the 
ſame time turn it about the axis BC ; moreover every point, 
except the Poles B, C, deſcribes Spiral lines, as if they were 
Spires, ar wreaths, about divers Cylinders, about the greater 
Cylinder, truly the ſpire which it deſcribes is from the point 
F or G, bur about the leſſer, which is deſcribed from the point, 
next to the Pole C or B, But if it be turned about the Axis 
F G, or any other oblique, it will be another divers mixt mo- 
tion in divers points, whoſe lines may eaſily be found by the 
foreſaid doctrine. 

In the ſecond place, let the point G be moved through the 
arch GC, and at the ſame time underſtand it tro move abour 
the Axis B C, it will be a Sphzrical Spiral motion mixt of a 
double circular. 

Thirdly, let the fame point G be moved through the right 
light line G C, while 'tis moved alſo about the Axis BC; the 
motion will be conicaly Spiral, mixt of Right ard Circular. 

Beſides the Spheric Spiral motion, there may be made another 
motion Conoid Spiral, to wit, if a Coneid be rurn'd abour one, or 
about the other Axis, while its point is ſomewhat moved 
through a right line; and 'tis of a threefold kind, viz. either 
Filipiic, or Parabolic, or Hyverbolic, as appears dy Geometry, and 
from the Mechanick deſcription of thole figures. 


FROPOS. 
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In the motion of a globe upon a plane, a three-fold motion may. 


conjoined, ſo that it may be mixt of a Right and two Cir- 
calar ones. 


FT His experiment appears from the game at Billiards in play-- 


ers balls, for while the Centre is moved through a right 
line. and the other points about the Centre, ſuppoſe in a ver- 
tical circle, if the globe either by oblique reflexion, or by a 
new impulſe, be never fo little rurn'd afide about the Horizon- 
tal, or other line, it concieves another circular motion alſo by 
thar line, and fo beſides the right motion of the Centre there 
is a double circular. And from this appears the reaſon of the 
{aid plays; as for example,while the ball is moved by the righir 
motion of the Centre, and by the circular motion of the orb 
rogether, if the Chord be toucht lightly 'tis: turned a little a; 
{11de and makes another circular motion, from whence it follows 
afrerwards, that the leap decieves the player, becauſe the new 
Circular motion acquires a new determination in the refleti- 


ON, ec. 


F-&:Q: #08; 


A Globe, or ſuch like body, inſiſting on a plane cannot move 
circularly about the Penpendicular Axis, unleſs at the 
ſame time it be imprinted by a double impetus in oppoſite 
parts. Fiz. 118. 


Er the Globe, or Top, ſuch as children play with of a 
Convid hgure be A B, reſting on a plane in the point B, 

and you would have it move abour the axis A Bin an Horizontal 
Circle CD : 1 fay,it cannot fo move, unleſs all under one it be 
impreſt ; or forced by a double oppoſite impetus, one, for ex- 
ample, in C towards the right hand, and the other in D towards 
the lett hand part; the reaſon is, becaulc if it be forced by one 
1mperus 
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impetus only it will bg determined to one only right line, and 
ſince there 1s no impefiment ſuppoſed, which may hinder the 
Globe that ir ſhould nor be moved by thar line, it will be 
moved by it, and ſo be turned on the plane in the vertical 
circle AC DB, but the top will fall to that part rowards which 
the impetus is impreſt. Bur if at the fame time another impe- 
tas be impreſt on the oppoſite part, when thefe rwo impetus's 
are not by the ſame line,bur by two divers lines parallel to each 
other, either may have its effe&t by chance, and when one at 
once hath the reaſon of the impediment with reſpe& to the 
other, leaſt the Globe, or top, proſecute the motion by right 
lines, tis determined to circular motion, fer neither Cn thoſe 
two impetus's obtain their effects any other way ; hence it is, 
that the top-being raken by the head, or irs end of the Axis A, 
and being caſt off by the fingers in contrary parts we make ir 
Spin, or turn in Circuits; and it perſeveres this circulzr motion 
a long time, becauſe the impetus is not deſtroyed by the weight 
ſince the top 1s in Equilibrio, but the only by rubbing with the 
plane, and from ſome reſiſtance which every moment changes 
the determination of the tangent lines; hence the ſmoother rhe 
plane is, and the ſharper the point of the top is, the longer 
time it ſpins, or proſecutes the motion. 

Bur when we wind a ſtring about the top, and retain the 
other end of it in the hand, and caſting it from us it ſpins,. 
then in like manner that double impetus happens in the oppo- 
fire parts;. for nor only while the ſtring DE unfolds, doth ir 
draw towards us the point D, bur at the ſame time with the 
ſame ſtring we throw the top from us like a fling; and* the mo- 
tion of the top endures longer being caſt in this manner, by ſo 
much as the imperus's are greater and the ſtring the longer, 
becauſe a power applied remains longer, and while the pro- 
jected imperus perſeveres the other impetus of the ſtring being 
retracted in the oppoſite part, and hindering the former im- 
perus, gives many new determinations to new and new tan- 

ents. 

While the top is caſt, it makes a motion mixt from the right 
motion of the centre, and of the Horizontal circular, as appears, 
oralſo of another right motion which tends downwards. 

Secondly, when it inſiſts on a plane, if the fame point on which 
it inſiſts be moved only by a circular motion about the axis, 
then 'tis {aid to ſleep, yet in truth the motion of the one is 

Ur. 
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but little moved about the Centre of gravity which is in the 
Axis ; bur becaule it either finds it on the plane, or makes 
hullow ſome little trench of it ſelf, this trench detains the Axis 
leaſt ic ſhould go out of it, unleſs afterwards the Axis begins ro 
incline more. | 

Thirdly, thereupon it moves always by a motion mixt of 2 
circular about the Axis, and of a Circular of the ends of the Axis, 
{0 that alſo if any point of the Axis remain immoveable,yer the 
extream points of the Axis deſcribe two circles, one in the 
plane, the other in the air above. 

Fourthly, ſometimes another motion of the whole Axis hap- 
pens to the foreſaid motions, which is carried about not in a 
perfe& orb, but ſpirally, the Spires,or wreaths, ſucceſlively more 
and more contracting untill it begins to ſleep ; and this morion 
is always on that part ro which the outer poriion of the trop 
by its motion is turned about the Axis; to wit, becauſe this 
Spiral motion of the Axis is determined from the circular mo- 
tion about the Axis ; you ſee therefore many motions in a top, 
one about its Axis in an Horizontal circle, another of the ſame— 
Axis, and the Spiral of the Centre ; laſtly, another of the curn- 
ing round of its Axis about ſome of its points,by which morion 
of turning or trembling the foreſaid little circles are deſcribed 
by the top and point of the Axis. 

But the Impetus of the orb about the Axis ceaſing after that, 
and the turning about and the inclination of the Axis prevail- 
ing, the Centre of gravity ſo departs from the line of direCtion, 
that the Impetus of the orb cannot keep the Axis erect, the 
cop falls ; and then becauſe in it there remairs as yet much of 
the former impetus, it makes ſtill ſome oblique rurnings or 
Circuits, which although they ſeem ro be made in the oz20fire 
part, yet they are made (if you attend rightly ) on the 
{ame part on which the circular morion about the Axis was 
made ; which' when 'tis hindred by the contact of the Plane, 
therefore afterwards *tis rolled about upon the Plane, and now 
is more moved by the motion of the Centre which before was 
hindred by motion of the orb, or that from this you may 
know the nature to be loved of the right motion of the Centre, 
but not of the orb about the Centre. 
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Mechanickh Powers. 


Of Gircnlar Motion artificially fitted to 
Mechanick nje. 


OU ſhall ſcarce ſee any ingenious Engin in which either 

circular motion doth nor appear, .or at leaft. that which 

may not be reduced therero, notwithſtanding in this 

place we ſhall treat only of thoſe kinds of Engins, or Inventi- 

ons, which immediately depend on the Principles, and Doctrine 
of Circular motion hinted at before. 


Problem. T. 
To make divers kinds of Wheels commonly uſed in Engins.. 


Enerally we make uſe of two ſorts of Wheels, one where- 
of is furniſhr with teeth, and the other hath none; thoſe 
that have none are {ingle Wheels, and Pulleys, which are hol- 
lowed in the Periphery for the Rupe to move in, as alſo Wheels: 
with handles to turn them by: And the firſt fort of Wheels 
contains as many kinds, as there are various forms of teeth, 
which I think fit to- deſcribe in the firſt place, for the better 
underſtanding of what follows, and that any one may know 


| how to make choice of thoſe kind of Wheels which he e- 
 ſteems moſt fir for his occaſion. 


Teeth, or,as ſome call them, Claws, or handles turning round, 


their Chief uſe about Wheels is, that they: lay hold on, or bire 


eaCh. other, and bcing foldcd in each other they cauſe a reCi- 
| procal. 
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procal motion, and they are various as you may ſee in Fg. 119. © 


trom whence the names of thoſe wheels are divers. 

A toothed Wheel is, that whole Periphery ſticks our with 
little handles endued with Semicylidric form, as in the arch 
A F,. or a plain ſided Priſme, as in the arch EF. | 

A Fingered Wheel is, that whoſe Periphery is garniſhe with 
plain Cylindrick ſmall ſtakes, as in the arch AB, or ſomewhar 
like Cylinders, as in the arch B C. 

A ſharp pointed Wheel is,thac whoſe Periphery is cut in with 
little handles turning round like the figure of a point of a Sword, 
or of a tongue,as in the arch E D may be ſeen. 

A Studded Wheel is, that in whoſe- Periphery little Spheres, 
or Convex Hemiſphzres are diſpoſed, or the Concaves are 
made hollow anſwering to the Convexes.in the other Wheel, 
the firſt parcel referrs to the arch CD. 

A Starred Wheel, is that whoſe Circumference” is furniſhrt 
with three ſided Priſmes having each fide equal, as in the arch 
G H. | 

A Snagged, or ſawed Wheel, is the ſame as the former, only 
with this difference in the former, the triangular ſides of the 
Priſme are equal, but in this they are unequal, as in the arch 
GN. | 

A helical, or ſcrew Wheel is, that in whoſe circumference 
chanellings or grooves are made, according to the quantity of 
the angle of the Axis of the inclined wheel, whatſoever figure 
the ſame hath, which nevertheleſs are -reduced ro four kinds, 
Semicylindric, as in the arch A F, 'Trigonal, as in the arch G H, 
of four fides, as in the arch K L, 7rapezias, or unequal 4. ſides, 
as ML. | Oy 
' A hooked, or crooked Wheel, is that which hath hooks diſ- 
poſed in its circumference, asin the arches 4 K, and N M, you 
may behold. 

Alſo Wheels are named with reſpe& ro the figure of their 
Wheels, let the teeth be what they will; for ſome are called 
plain Wheels, or Orbiculates, in which the baſes of the Cegs or 
Teeth are all in the ſame plane ; others are called Convex Cylin- 
dric, when the Cogs are diſpoſed in the outer ſuperficies of 
the Cylinder, or any Circle thereof: Others are called Ccncave 
Cylindric, in whoſe inner C rlindric {uperficics the ſame Cogs 
are diſpoſed : In like manner ſome Wheels are called Convex 
Con:c, others-Concave Ciric, even as is ſaid of Cylindric: Laſtly, 
| a Wheel 
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a Wheel without teeth, and whoſe Periphery hath nothing 
ſticking out, they call ſmoorh or even. 

Note, that all the kinds of recth, or Cogs deſcribed, or any + 
other ſuch like, may be made, not only in the Periphery, or 
outermoſt ſuperficie of the Wheel, bur alſo in one or both of 
the lateral ſuperficies, or Circular, or Cylindric baſes. 


Problem. II. 


To apply Weights, or Powers ( moving by their natural gra- 
vity ) to Clocks, or other Engins. 


Lmoſt all kind of Engins, which are moved by inanimate 
/ \ Power, are uſually made with ſome Wheel, or Cylinder, 
ro which a weight being hung, while it endeavours down- 
wards by its natural gravity, 1t moves that Wheel, or Cylinder, 
and that puts the other parts of the Engin in motion, as ap- 
pears in common Wheel Clocks : And weights may be applicd 
ro Wheels many ways, which we will unfold, before we pro- 
ceed to the making of the Engins: The firſt way of hanging 
weights to common Clocks, or other Wheels, which by ſome 
determirate time, being placed in the middle and impelling, 
ought ro turn them round, 1s, that one end of the Chord, or 
Rope, be fixt to the Cylindric Axis of the Wheel, and the: other 
end ſufficiently faſtned to the weight, as you may 
precieve in the Figure: And in this pratife you Fig. 120. 
muſt beware, that the Cylinder be not wanting to 
the rope, for it ought ro have only fo much length, that 
the whole Chord may be rurned abour ir, for if the rope be 
twice wound about the ſame Cylinder, that is, if the latter 
windings of the Rope fall upon the former, ic will come to paſs 
that the formoſt motion ( viz. while that part of the Rope de- 
{cends which is wound abour the other ) the motion will be 
{wifter than thar of the latter, to wit, while the remaining part 
of the Rope deſcends which is immediately wound abour tlie 
Cvlinder. | _; 
The ſecond. way is, when weights are hung tro each end of 
the Rope, as appears in the Figure : For the Rope 
ABC 1s put upon the Pully D, in whoſe Periphe- Fig. 121. 
ry there is a hollowing, or groove cut arching. fo 


that the Rope may lie in it, and recieve firmly in it the draw- 


Aa ng 
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ing force of the weight; and the weight A muſt; not deſcen4 
without turning the Pulley about, and conſequently raifes th< 


weight C: 
In praQticing this Artificers are commonly miſtaken, for 
ſome in the forefaid hollowing of the Polley D, make 6 or 8 


ſharp points ſticking out to hinder, leaſt the: Rope being. 


drawn by the force of the-weight A: ſhould not turn about the 
Pulley. 


Bur thoſe ſharp points render the. motion. of, the Pulley, and: 


{o of the Clock, or other engin, altogether unequal ;- others 
make the Cavity or hollowing of the Pulley narrower in one 
place, and wider in another, from whence it follows, that the 
Rope being unequally diſtant from the Centre makes the mo. 
tion unequal. 

Therefore if the Rope ſlips without turning the Pulley thoſe 
ſharp points may. be uſed, but a greater number muſt be afftixr, 
and they ought ro ſtand out all alike,and + por 0k the Peri- 


phery of the little Wheel; which may _ be performed more. 


ſafely if you glew on ſome little balls like butron moulds or 
beads-to the. whole Chord, or fix them in ſome other manner 


which may be all alike and equally diſtant to each other ; and. 


in the: Cavity,or hollowing of the Periphery of the Pulley,make 
little holes or. cavities right with the ſame diſtances, which 
Cavities muſt. anſwer the little buttons or beads, and receive 
them within them one after 2nIther : Some inſtead of thefe, 
tve knots in the rope, being equally diſtant. 


Fg. 122. The third manner in, uſe is,, when the ſpace for. 


the. deſcent. of the weight is too low, or ſhort, or of 'too few. 
hours ; or if it be ſufficient, we would notwithſtanding ex- 
tend .the motion of the clock, or dial, ro more hours. For then 
we double the Rope, which may, ag2in be done in a twofold. 
manner ; firſt; one end of the Rope is fait. bound to ſome place 
A, and the other end to the Axis, or Cylinder E, of the Wheel, 
which it ought to..go about; as for example in. D, this Rope 
ABD ſuſtains the btle Pulley C with the weight annext.to it, 
and this. whole weight-rogether with the little Pulley C ought: 
to be double of. that which is hanged to the ſingle Rope; alſo 
the Rope may be triplicated, quadruplicared,. ec. 

Fig. 123. if. there be added above and beneath -other Pulleys, 
in which caſe alſo the weight may be in like man- 
ner-triplicated or quadruplicated, &s. In the ſecond place vy 
the 
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the double Pulley D,:C, .one of which being annext to the 
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weight C, and the other ro the Counterpoiſe D, andthe ends 


of the Rope B.and'E are faſtned to ſome firm immovable place; 
ſo while the weight deſcends with the Pulley C, it turns the 
Wheel, or Pulley A, and lifts up the counterpoiſe D. 


Fig. 124. The fourth manner is. by a continual Rope, diſ- 
poſed in ſuch manner .s the figure ſhews, in which A 4s-the 


loweſt Wheel of the:Clock, or:fuch like Engin, or the pulley 


annexr to the Wheel, and made hollow in the Periphery:to re- 
cieve the Rope firmly,as we-have ſaid betore. B is another Pulley 
like-to the former, and moreover furniſht with 'ſaw-like teeth, 
and with 2 pin C fo faſtned .to the ſide 'that ir endeavours 
againſt the teeth while the weight.D deſcends, that the Pulley 
B be not turned about at-that time,; but the Pulley As roled 


about and lifts up leiſurely the counterpoile or weight -E an- 


next to the pulley ; where you ſee:there.is no extream head of 
the Rope, bur it is one continued Rope, and put -into the Pul- 
lies, whence 'tis called (perpetual or infinite. 'When therefore 
the weight :D deſcends to the lower ;part, and the weight /E:15 
carried to the upper part, the Rope being taken -by the hand 


in F, and by drawing downwards-raiſes the weight D againand - 

depreſles the weight FE, for the pin C endeavours not againſt 
the motion of the Pulley B, but alone againſt the oppoſite 
motion. | 


The peculiar conveniency of this. Rope, :and the application 


.or diſpoſition of the weight conſiſts in this, that in the ſame 


{pace of time, wherein the Rape is drawn, and the 
Fig. 125. weight raiſed to continue the motion of the Clock, 
the motion of the clock is not interrupted, as hap- 
pens in others ; for alſo while *ris drawn upwards by drawing 
of the Chord in F, it diſcharges its office in enforcing the Pul- 
I2y A, which truly is of great moment to the exact perteCtion 
of Clocks, and fauch like Engins, and the knowledge .of 
time. IS 
Likewiſe you ſee by this doubling of the Rope, that the 
ſlowneſs of the weighr's deſcent is doubled to that ic would 
have by a'ſingle Rope ; and it might, if need were, be quadru- 
plicared, and be made greater than any given proportion. You 
may add to the two pulleys A, B, another Pulley G,and to the 
Pulley D adjoin another little Wheel about the fame Axis, or it 


divers, join it at leaſt with the other Axis. Then this perp«:- 
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tual Rope being drawn abour all the Pulleys,viz. ADGDBEA . 
for ſo the deſcent of the weight D will be four fold ſlower, and 
therefore the weight ought to be four fold greater, yea, and 
ſomewhat more, becauſe of the much rubing of the Pulleys with. 
the Rope, and the reſiſtance, &c. 


Pg 126. The fifth manner is this,the Pulley B is underſtood to 


be firmly affixed to the lower Wheel of the Clock, the other A 


ſtabliſhed ſomewhere commodiouſly, and being furniſht with 


ſaw-like teeth with an Iron Pin to endeavour againſt the weight, 
as is ſaid before; from the perpetual chords of thcſe Pulleys 
hangs the weight H in the little concentric Pulleys E FG and 
CDN, one of which is conjoyned immovably to the other, 
and both together about the common axis of that which turns. 
eafily : Moreover below let there be two Pulleys K and L con- 
Joined in their centers to the Common beam K L, tn the middle 
whereof hang the weight M. About theſe and the former 
Pulleys draw rwo perpetual chords by this artifice,the firſt Chord 
is BLGFEGB, to wit, fo that it fold about the Periphery, or 
Circuit of the whole Pulley E F G once: The other Chord in 


like manner, muſt be drawn about the whole Pcriphery, of 


the leſſer Pulley C DN, concentric with the former, ſo that this 
whole Chord be ACNDCK A. Burt now that which is 
{aid concerning this laſt Chord,and the pulleys belonging to it, 
is, that it ought to be done altogether like ro the other, but 
placed on the other face or fide of the Pulleys, which in like 
manner contains a certain lefler Pully equal ro CD N, ſtanding 
- out on the other part and divides the whok office of holding. 
or bearing up with the other; wherefoxe it behoves the Pulleys. 
A and K to be alike. 

'Fhat therefore the weight H be drawn with its Pulleys on 
which it hangs, you mult apprehend the Chord A K, either 
alone or compared with another, wv-z. in E, and drawn down- 
wards; for fo it comes to pats that the weight H aſcends, yet 
in the mean while the motion of the Pulley B 1s not ſtopr, and 
conſequently neither the motion: of the Clock, or other Engin : 
So likewiſe ir appears in this method, as alſo in the precedent, 
thar the aurraftion of the weight may be continued as long as. 
you pleaſe without hindering the motion of the Engin. Laſt- 
ly, it appears in this laſt method that the motion downward of 
the weight may be made [low according to any given propor- 
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tion, to Wit, in that proportion which the diameters of the 
Concentric pulleys CDN and GEF have to each other ; and 
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in the ſame proportion the weight will always be increalt. 
Problem. III. 


To appply a Spherical, or rolling weight, to the Wheels of 
\ Clocks, or other Engins, by finite Chords, as well as by 
infinite Chords, 


GY oftentimes it is neceſlary in the artificial conſtruftion _ 
of Clocks, and other Engins, to make uſe of Spherical or 
rolling weights, two or more whereof {ucceed each other ma- 
rually ro continue or perpetuate the motion of the Engin, as: 
will appear by what ſhall be ſaid ; therefore we will deliver a. 
double method, whereby it may eaſily be obtain'd. 

Fig. 127. Firſt, it may be done by a perpetual Chord, or 
Thong of Leather twiſted ; for let there be two Pulleys, or ſhort 
Cylinders A and B, A being fixt to the loweſt Wheel of the 
Clock, and B ſtabliſht in the loweſt place to- which the weight. 
ought to deſcend ; pur on each the perpetual chord ABCD A, 
ora Thong made of the Hide of a Bealt; then take another Thong, 
alrogether like to the former and put about the ſame Cylinders,or 
on two other pulleys parallel ro the former and diſtant from 
them ſo much as isthe diameter of the Sphzrical weight D,which 
is ſufficient to turn the clock or Engin, this interval of the double 
Thong being obſerved, joyn one Thong with the other by 
ranks of certain a hc, Irons ſemitylindrical, whoſe baſes. 
areEH I, LMN: And they are calily connected if you. drive 
a Nait through each Semicylinder, and the Thong which folds. 
about it, o1 if by chance the Thongs of the Semicylinders 
{train in the middle, it will make a Scale, as appears in the 
Figure Þ Q, fo that the Sphzric weight D being placed between 
the foreſaid degrees will be ſuſtain'd by the lower pair of Cy- 
linders, viz. in F. But that theſe kind of perpernal Scales. 
may be turn'd about with the Cylinders A and B with an uni- 
form motion, there muſt be made hollow Semicylindric grooves; 
or Channelings m the Pcripheries of the Cylinders, in whick: 
are received the convex Semicylinder of the Scale. 

If the Sphzric weight D be of a great bulk, the Thongs may: 
be made of double or triple Leather that they break not, or in 
ficad of them Iron chains may be uſed. The: 
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The chief uſe of rhis perpetual Scale is to continue the.motion 
of the Clock, or other Engin ; for after that the weight -D is 
deſcended to the loweſt part G, 'tis caſt away by the Scale, 
which will be done either from the Pulley B, or better from 
ſome obſtacle firted below for this purpoſe ; then the Globe 
breaking out from the Scale in the lower groove G, lifting up 
ſome peſtle of Iron by means of a Thred or Chord, -opens an 
entrance to the other Globe in the upper groove E, that 1t may 
ſucceed in his place on the top of the Scale; bur the former 
Globe depoſed in G is lifted up again to the groove FE, by an 
artifice which we will ſhew in the following Problem, that it 
may again deſcend by the Scale, ec. | | 

Fig. 128. Secondly, it may be done'thus, afhix the Pulley H ro 
the loweſt Wheel of the Engin, which ought to move and turn 
eaſily about its Axis, having in 1ts Periphery Saw-like Teeth 
with the Peſtle R, which being fixt in ſome place of the Wheel, 
and fitted with a plate of metal preſling ; put the Rope L HK 
upon this Pulley, faſtning to one of its ends 'L fome little Box or 
Basker wherein the Globe :may be received, and to the other 
end K, hang a weight of ſuch gravity, that it may draw- up 
the Basket free from the Globe, from the bottom to the 
top, where now it appears in the figure, which the Peſtle R 
will not hinder, which hinders only the oppoſite motion 
of rhe Pulley H, and that the Globe may be contain'd within 
the Box or 'Basker, and not {lip out -of ir, ere&t -two or more 
ralesP Q and MN, &c. Bur after that the Box with - the 
Globe is deſcended to the bottom-Q 5, the-Globe muſt run our 
of the Box, either'by-mangling the rule N, or by the declivity 
of che botrom'Q S; Laſtly, 1h- 3ox or Basket being freed from 
the Globe, is lifted or 'raiſe6 ::pw.rds by the weight K, and 
being advanced to PM, tekes in there the other Globe equal 
tothe former, and that the Cleck, or -other -engin, may be 
kept in -morion while it 15 let down in Q, and raiſed again in 
M, we will ſhew by and by. 
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Problem. IV. 


Ti 0 COHVLey: weights, MOVINg an Engin up fo the upper part, 
after their deſcent to the loweſt: part. 


Fig. 127. His may be done: many ways; firſt, by the perpe- 

NE T tual Scale deſcribed in the preceeding Dea, 
for if you. underſtand a Toothed Wheel joyned to the Pulley A, 
and firmly adhearing: to the ſame Axis, it then this roothed: 
Wheel be moved together with: the Pulley A by any ſuper- 
ſtructure, or any other way from the power impelling the Su- 
pream Wheel, or part.of the Engin, and the motion be made 
from A rowards C, the Globe, or weight D, will be raiſed 
gently from the bottom to the top, whence it devolves again 
1 animate the Clock,or. other Engin, by the artifice explicated 
in the precedent Problem: 

Secondly, the Artitice in.the ſame third Problem, explicated 
in the:ſecond place may eafily be applied to the drawing Sphe- 
rical weights,from the bottom to: the. upper moſt part. For 
ket there. be a toothed Wheel ABC to which there' may 
be others made according as the thing requires ; place the 
Pulley DE on the axis of this Wheel on which a Rope being 
put, ket'one end of it ſuftain the: Spherical weight, Þ within. its 
Box or Basket, and on the other end hang the Counterpoife 
N, a little lighter than the Basker P without the Globe, or 
weight, that'from this that may be taken up. The Peſtle B 
turnifht with a little wing lays hold.on the Snags of the Pulley, 
and detains it ag2inſt the endeavour of the weight P. Alſo 
make: a certain dovetail D Fin the Periphery of ſuch bigneſs, 
that it may be equal to a quadrant of the Circle, or. exceed ir, 
in.the middle of this make a long flit D F, through which the 
common axis. D- of the Wheel and of the Pulley may pals; 
moreover make a. moving leaver HG FC made firm ſfome- 
where about the point G, with which Leaver the foreſaid 
dovetail is linked in the point F: Then in the point A fix a 
ſpar, or-bolt A K, furniſhc with a preſſing wing: and movable 
abour the point A, and near this bolt place. a Leaver full of 
corners Or nooks KLMN movable in the point M. . 

Theſe things thus diſpoſed, If by the: mvtion of the Wheel 
ABC the weight be elevated leiſurely ro.the trop of its altitude, 

and 


Cr 
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and being flipt from the Basket or Box into the groove or 
Channel leading it to the deſigned place for animation of the 
Clock, notwithſtanding the empty -basket will be moved 
by the power raiſing it, untill it hits againſt the Leaver 
CGH and lifts it up a little, and the Leaver being raiſed 


takez up together with it the dovetail FD : And this Peſtle B: 


being ſiretcht at length through the whole thickneſs of the 
Pulley in this part to the dovetail ; in the mean while that the 
end H of the leaver CGH being deprefled lays hold on the 
bole A K and detains it, at the fame time the Peſtle B being 
lifted up without the Snags of the Pulley, the basker P, although 
empty, yer heavier than the counterpoiſe, N will turn the 
Pulley,and it will deſcend to the bottom that there it may again 
receive another Spherical weight to be drawn up in the ſame 
manner. 

For the counterpoiſe either of it ſelf, or by making a certain 
knot in the Rope will raiſe the nooky Leaver N M L, and by 
it withdraw the bolt A K that it detain not any longer the end 


H, which being looſed, the doverale DF falls off, and then 


the Peſtle B being ſent down lays hold on the Jags of the Pulley 
that the attraCtion of the weight may be made again. 

If you fear left before the Peſtle B being drove away by the 
Snagged teeth of the Pulley, and the Pulley with the Basker 
ſhould begin to deſcend before the end H is laid hold on. by 
the bolt AK; then hang ſo much weight tro the arm GH of 
the Leaver as ſuffices to raiſe the dovetale with the Peſtle B ; 
and that the weight be not raiſed ſooner than the basket aſ- 
cends upwards, detain this arm GH by a certain crook or 
hook made after the ſame manner as the hook N H in: the fol- 
lowing Figure, But then in ſtead of the arm FC, the arm 
M N will be produced, that that being raiſed from the basker 
will withdraw the hook ſuſtaining the endeavour downward 
of the end H which is heavieſt ; Moreover it will reſtore it ro 
its former ſite aſcending with the Imperus of the counter- 

ole IN. | | 
F Alfo note, that when the Wheel A BC is often turn'd abour 
in drawing of the weight, and conveys the Peſtle B every 
where with it felt, thar when the attraction is finiſh, the Pcſtle 
B will be found in the. upper quadrant that is above the 
dovet:l:, which always certainly happens, if in the Rope or 
little chain of che Pulley you maxe little knots or buttons ka 
nat 


bp by the 
- reſiſtance 0 
2007, thoſe j4 
»Peftl D, 2nd 
000 round thi 
te elle ; NOUN 
[I roucheSit 

le, in Whict 
»litke Wheel, 
The arnral 

vis place, fort 
ILK, lis up 

tich being, (0 
Ing Hzlx 
Hence allo yc 
ide not let 0r 


L inciſors, 0 


NI Imepul 
a0 Eyin, thy 
uM eu 
(ol "lar! 
OrQure Mal 
Nth are for X 
pray Vil 


00k IN 
2 
Of the 
Ve non 
K Lemer 
al} Tat 
1 Pelle 1 
KS of th 
WE that t 
IOId on th 
Ue B bein 
b,athouph 
| tn the 
TMJ) 3 
In the ſans 


Ing 2Cenzin 
M L, and by 
er (the end 
It, and the: 
of thePulk 
041, 

* 2182p by tt 
h the Bai 
d hold on. 
arm GHd 
the Peſtleb 
the baket # 
ain cro0k 
H in the 6 
FC, the arm 
m the bas 
downwat 
| reſtore 1! 
the counter 


; und 2008 
: R (v6 
il, ihe Pk 
; aboſe 
n the KO | 


hurto0s 
Lo” 


Book VIIL. 


Mechanick Powers. 185 


thar.purpoſe; according as tis ſhewn in the ſecond Prob- 
lem. / (20 | | WEST 
| Fig. 130. Thirdly, the ſame Pulley may be freed from its 
Peſtle by another artifice; let the {ame Wheel B ſtick faſt to the 
axis C,and the Pulley D movable thus, that ir may be moved ro 
and fro by. the Axis A C; Then after that the Basket Eis brought 
ro its height, it will raiſe in the firſt place the knotty Leaver 
EF G fixt movably in F; and this by the little: arm GH drives 
out the hook H N, whereby the other knotty Leaver ML K 
is ſuſtain'd, to whoſe arm LK fo much weight muſt be hun 
as is Convenient, that the other arm L M laying hold on the 
Tube M P, joyned to the hole of the Pulley 'D, may draw the 
Pulley by the Axis A C towards C, although againſt the ordi- 
nary reſiſtance of'the force of the Helix CP: And in this 
manner, thoſe jagged'teeth of the. Pulley are withdrawn from 
the Peſtle B, and the Basker E. deſcends with its weight, by 
rurning round the Pulley together freed from the obſtacle of 
the Peſtle ; notwithſtanding in the mean while the lictle arm 
L M touches it highly, and: detains the Tube ending in'the 
rundle, in which the contact: may be facilitated by adhibiting 
the little Wheel, or a turning. Cylinder, &c. | 

| The arrival of the Counterpoile : will make the Pulley repair 
to its place, for this when the 1mperus: of: the knotty Leaver 
M LK, lifts up the end K, it places it in the hook HN; 
which being done the pulley is forc'd into its place, by the 
preſſing Hzlix led about the. Axis. . , 

Hence alſo you muſt rake care, in making the Peſlle B, that 


ir be nor: let or. bore down from its. little wing, deeper than 


the inciſſions, or Jags: of the Pulley... . | 
| Problem. IV. 


To fit an irregular finite, and diſorderly moving power, ſo to 
, an Engin, that it ſhall make. a well order'd regular, or 
wholly equal motion, © - 


"= Regularity and equality appears in no other motion 
more than in the Circular, which of its own nature ſeems 
tO require equality ; we ſhall in this place declare thoſe things 
which are for obtaining this equality of motion, which truly 


are of great moment in Engins, eſpecially in the conſtruRion 0: 
1 B 


tho. 
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powers ſome are perperual, or infinite, and others finite which 


do execute their office to time: We thall trear' of theſe laſt in. 
this place,' and of the former we ſhall ſay fomething hereafter ; 


heavy things being hung. art: liberty whether hanging/from an 


Engin, or ſome Wheel, are called regular ; powers,;- becauſe 
whether they are hung hjgh or low, they: dlways obtain equal 


force or moment ; notwithſtanding. it they -are'- placed :in ſome 
ambit of the ſame Whetl according to. a divers ſite, and the ſame 
inclination, they acquire divers moments as appears from what 
has been ſaid elf{ewhere; but 'tis needleſs to: reduce this irre- 
| prot of weights'r9: regularity, fince that . may .cafily be 


Therefore irregular Powers which we commonly ule in the 


conſtruction and motion. of Eng1ns are Springs, that is, Certain 
thin pieces 'of mettal in manner of an Hzlix, or wrapt up in 
Spires ſuch as are commonly uſed in watches, concerning whick 
fomething is ſaid before. ... . ., too 

Firſs, the reſiſtance of the ſaid thin pieces of mettal js leſs in 
the beginning while they are bent.or drawn than in the end, 


and in.like manner. when they are drawn or bent have greater. 


force, and make a greater/endeavour to reftore themſelves in- 
to their firſt ſtation» in-the 'beginning of reſtitution or reduC&tion; 
than in the end, -and this force increafes or decreafes not uni- 
formly,and with a proportional increaſe to the addu&tive or re- 
ductive motion, but with another certain increaſe or progrel- 

fion not as yet certainly known, of which 1n its place. . .. 
Secondly, if the thin piece: of mettal- be. bowed. or-bent into ai 
Spire, or larger Spieres, the bending. reſiſts leſs,” and: makes. leſs: 
force to reduce ir ſelf than if ir be bent in lefler Spires ; hence: 
ris, that in this ſecond -cafe it hath greater force whereby it 
defires to reſtore it {elf, bur obrains lefler motion. # 
Thirdly, Springs,or the fame thin pieces of mertal being-bow- 
ed into: a Spire or wreath, may be drawn more viotent'exher: 
in the Centre, or in the Circumference;. or in-both-: Rarts..to- 
gether ; if the thin plares conſiſting in the exrream which: is. 
in the circumference, the plate will. be drawn by the wreſting; 
of the other extream being. m the Centre, it reſiſts the. draw- 
ing leſs than if remaining centrelly immovable-in''the extream,, 
the plate be wreathed abour in the- Periphery, the reafon is, be- 
cauſe in this ſecogd caſe it ought not only. ro out go the reliſt-. 
| ance 
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ance of bending, but alſo the other of rubbing, or weaving 'of 
one volute upon the other; which refiftance neverthelefs it:hacth 


by accident. | 


Fourthly, Springs are made weaker by CO by often draw- 
ing them, but they are more weakned if they never reſtore 
themſelves, bur if always, or for a long time, they continue 


drawn or pull'd ; hence they have greater force in the firſt ma- 


king of an Engin, bur lefler after long uting then. 


.. Fifibly, if they remain ſometime. free, that is, withour draw- 
ing, they recover ſome of their ſtrength which they had loft 


before. | 

Sixthly, Fo. Helmont in his Book entituled Med. Phyfic. de tem- 
pore, Num. 50. affirms, That the ſaid Springs of Clocks.or Wat- 
ches are wont to' be more ftrong, or ſtubborn, 'when the North 
wind blows, which notwithſtanding 1s not as yet well known 
to me, neicher doth the cauſe of this Phznomena eaſily appear, 
unleſs you'll fay frem Cold, which is wont to be more rigid 
when the Wind is Northward. > 
Theſe things being nored, the irregular force of Springs may 
be reduced to uniformity divets'ways : Firft, when theſe thin 
pieces of -Metral are wont to be made every where of rhe'ſaine 
breadth and thickneſs, they exert their force unequally in tFe 
beginning and in the end ; if the parts near the Centre be 
made thicker than the other, or broader with.a due propor- 
tion, and then the drawing to, or lapping up being made in 
the Centre, .the reſiſtance will be” equal and uniform. in the 
whole drawing, or wreathing, and confequently they will 
make the force equal 'in their whole reſtitution, until they 
come to their firſt ſtate,” or condition ; moreover on the con- 
trary, if they are made thicker in the parts nearelt the circum- 
ference; and then the drawing be made in the circumference, 
from 'the oppoſite reaſon there will be an inequality of force 
to compenſate or: amend that unequal thickneſs 'or breadth of 
the-thin plate; , notwithſtanding this way, whereby the inequa- 
lity- of this'thickneſs compenſates; the inequality 'of force is nor 
uſed, perhaps becauſe *rtis more laborious, and neither 1s it ca- 
{y to find the proportion, whereby the thickneſs ought to be 
increaſed gradually ; yer if it were reduced into practice, it 

would be far more uſeful and certain than the other. 
- The ſecond way more obvious, and uſed in regulating the 
Springs 1n -ancient Watches, is, by an unequal pretlion -o0f 
| | ..-BDODF>. th. 
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the ſtrongeit part of the Spring, and: that is made ina Certain 
changable Orb like the figure of an heart, for this Orb when 
the ſpiral plate makes leſs force, is alſo leſs preſſed. from the 
other plate, or hindering wing ; bur when it exerts greater 
force in like manner thar force is abated, ſo that *tis reduced 
to a Certain quality ; alſo this way is ſcarcely uſed now among 
modern Artiſts, when notwithſtanding 'tis leſs laborious, and, 
as Experience teaches, oft-times more ufeful than others ; per- 
haps *tis deſpiſed becauſe *tis more ſimple, to deter others from 
inquiring into an Art which is more ſ{ubtil, which they would 
do, if it were eafier and ſimple.” 

Fig. 131. The third way,which 1sat this time moſt in uſe is, a 
Hzlyx of Steel included in the Cylinder A B C D, movable about 
the durable axis E F ; this axis paſles by the centre of the Hzlix, 
and detains its central end firmly, and leſt '3t ſhould be turn'd 
about rogether with the Spire or Wreath and Cylinder, 'tis hin- 
dred by a jagged wheel G H, firmly pur into an axis, and a lit- 
tle bolr or peſtle HI, which ſtrives againſt the Jags of the 
Wheel : To the fide of the Cylinder a Cone is made, or ſome 
other fuch body ſharpned ar top like to a Top C K M, movable 
about the axis L M, the Periphery of this top is made in the 
manner of a Screw, with channellings or cavities made round 
It to receive a chord or chain, one end whereof is faftned in 
the point of the Cone K, and wound about the Cylinder, the 
other end of the chord is faſtned to the Cylinder in D ; theſe 
things thus conſtitured, the inequality of the reſiſtance of the 
ſteel ſpires, or wreaths, drawing irregularly is made fit or meet 
by the- deformity of the top, which where: the reſiſtance of 
the ſpire or wreath is leaſt, the greater Periphery being turn's 
receives the chord, whereby the Cylinder is drawn about, car- 
rying about the included end of the ſpire or wreath fixt to the 
Cylinder ; and where the force and reſiſtance of the thin plate 
is ſtronger, .the chord Deng then in the fharpned or liter part 
of the top or cone, eaſily {uſtzins that greater force by leſſer 
diſtances from the centre or axis, and by allaying it, tem- 

ers It. 
: You ſee then the whote perfeAion of Clocks, or Watches, 
which conſiſts in uniform motron, or equality, depends. 
on the framing the foreſaid cone or top ; Which I defire Ar- 
tilts diligently to obſerve, and. to take great Care in the mak- 
ing of it, that the moving force of the ſpiral thin plate borer 
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dred every where equally valid ; neither is it ſufficient, as 
they are wont, to try It by hearkning to it whether the found 
be ſharper or graver 1n the fwifteſt motion of the jagged lit- 
tle wheel GH, ſince *tis not eaſy to diſtinguiſh the leaft dif- 
ference of ſound ; wherefore 'tis' rather to be done ſome other 
way, and Father Sch:ttus propoſes two, the firſt is by weigh- 
ing, viz. by a weight hung on a long arm Teading the Cone 
about, for if which way ſoever the Cone be turn'd abour, 
the ſame weight endeavours equally 2gainſt the adduttion or 
reduion of the Spire, the Cone or Top will be perfeEt. 

Fig. 131. The fecond way is meaſuring by time, for, ſays 
he, the little Wheels being ſet at liberty in a ſwift and free 
motion ; take ſome very ſhort Pendulum, and by its vibra- 
brations examin the circumvolutions of the lower Wheels, 
for if the circumvolutions of each wheel be in equal ſpace of 
time, it argues that the cone or top 1s perfe&t : In the fame 
manner, the circumvolutions or turnings round of the jagged 
little Wheel G H may be examined by a Pendulum, to wit, 
whether they are made in equal time, notwithſtanding if there 
be added weight to the forcſaid little wheel the motion is 


rendred more ſlow. 


Problem. VI. 


To mend the unequal motion of Clocks, or other Engins, by 
applying a Pendulum. 


T'% chief fault in Clocks, and all Engins that meaſure time, 
is the irregularity of motion, for no kind of Clocks to 
this very day is foknd, whoſe motion is fo equal or uniform, 
that it errs not art leaſt a minute from the true meaſure of time, 
in one day or 24 hours, although it hath been the ſtudy and 
endeavour of many ingenious men; in the firſt place, we are in- 
debted ro Mathew Campane to this end, that by the accurate 
meaſure of time Geographers may obtain the knowledge of- 
Longitude, and what proficiency they have made in it, you will 
underſtand by what follows. 

Truly "tis doubted whether any man can by application of a 
Pendulum, compleatly perfect the little jagged Wheels of Clocks, 
and take away their incquality; therefore the Author of that 


famous Invention, deſerves to be followed and FRayen 
of 


CCC ge ou 
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Or all Mn ; and ſince there are divers ways of applicatian in 
this kind, ſome whereof we have deſcribcd juſt before, it te- 
mains that we reckon up ſome others in this place, either more 
ingenious, or alſo more uſeful. : | 6: 

Fig. 132. Let there be a Pendulum I L, with a wire fixt to 
the Axis C D, which reſts on the two poles C and D, and in 
the middle part of its Axis, faſten here and. there two little 
wings, or thin plates of metral, extended according to. the 
length of the Axis, or in an Horizontal fite, above this Axis ler 
the upper wheel of the Clock A B be turn'd, being made by 
a peculiar art ; to wit, let it be made in form of a Zone, with 
a double row of Teeth diſpoled to the end of the Zone in ſuch 
a double order, that when the Teeth, or little Keys. that ſtand 
out, being conſiderably diſtant from one another, - each rooth 
of one row, anſwer to the middle ſpace of teeth of the other 
row ; for ſo by turns they will hit againſt the aforcſaid two 
wings, to wit, one tooth or little key of the row towards the 
right hand, on the righ wing, and the other row on the left 
hand, on the left wing ; again, the othcr on the right, on the 
right wing, from whence are made the Altern Vibrations of the 
Pendulam. If then each of the rwo rows conſiſts of ten teeth, 
in all they will make twenty ; and: the Pendulum muſt be of 
ſuch length, that each compoſed Vibration anſwers one ſecond 
of time, there may be fitted on the fame Axis of the wheel the 
Tympane F with fix teeth, which will be moved by the wheel 
G H of 36 teeth, for this will abſolve one circuit in the ſpace 
of a Minute ; ſo that an Index. faſtned -to 1ts Axis, may note 
every ſecond in a Circle divided inta,60 equal parts; and be- 
neath the Wheel G H, - another may be fiuted, which may be 
rurn'd about in the {pace of an hour, and its Index may ſhew 
the minutes, moreover another which may ſhew the Hours, 
oy. - | 

But ſomething offers it ſelf worth our noting in the appli- 
cation of Pendulums to Clocks ; in the firſt place, if a weight 
doubley or tripley greater be hanged to a Clock, it is - not the 
reaſon of moving it norably ſwifter, or the cauſe of miking 
the hours viſibly ſhorter, becauſe in this caſe the Perdulum is 
forced more vehemently, and therefore makes greater arches 
in its Vibrations ; it ſeems that ir ought to move more lowly, 
and to make the hours longer, if it be true that is ſaid in the 
Book of Pendulums, that the Vibrations which are made in a 
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greater. arch from the ſame Pendulum are longeſt ; but expe- 
rience tells us, that the Hours are ſomewhat ſhorter if weights 
are hung much greater, and the reaſon is, becauſe the wheel 
which is called Serpentine, or. the wheel meeting with the 
beam of the Ballance by way doth not permit each Vibration 
ro run through the whole Arch which they would run through, 
and therefore cuts them off a little ſhorter. 

Secondly, FOr this reaſon Pendulums ought to be a ſmall: mar- 
ter longer than if they were altogether ar liberty, leaſt each of 
their vibrations be made in a ſhorter time than 1s meer. 

Thirdly, You ought not to uſe a ftring or litrle chain, be- 
cauſe they will bend, but a wire, or in greater Pendulums, a. 
rod of Iron, or other Mettal. | 

Fourthly, Since in theſe kind of Clocks the augmenting or 
decreaſing of weights ſignifies little ro the {wiftneſs or ſlowneſs 
of motion, but the {wiftneſs or lowneſs depends almoſt wholly 
on the length-.or ſhortneſs of the Pendulum; therefore that 
Clock may bez reduced to the juſt meaſures of Hours, the Globe, 
or Ball, ought to be fixed to the lower end of the Rod, in ſuch 
manner, that it may be raiſed or deprefled,' and that may be 
done if there be a ſcrew made on the end of the Rod, which is. 
engrafted to the Globe more or leſs, and binds. it very well 
that it ſlide not down, which tnconveniency may be prevented 
by another concave Screw P, which keeps the Globe aways in 
the ſame place. 

Fifthly, "Tis better to hang a heavier weight to a Clock, or 
make uſe of a ſtronger Spring, and to apply a Pendulum a lit- 
tle the longer. 

Sixthly, The Vibrations ought not to be roo great, but the 
Pendulum ought to ſwing backward and forward to the height 
of 30 or 40 degrees in its arch. 

 Seventhly, Clocks made with Pendulums, require much grea- 
ter weight or. ſtronger Springs than others, which are regula- 
ted by the ordinary ſimple poiſers, ſo that fomerimes a triple 
weight 15 required to it, than is required to a Clock withour a 
Pendulum ; nevertheleſs for divers reaſons, according to the 
manner or faſhion, a Pendulum may be firred, ir may require 
more. or leſs weight in the precedent artifice, unleſs the lirtle 


ings of the Axis C D be made long, it will require a great 


weight ; as appears from the principles of Mechanicks. 


Eighthly, 
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fighthly, Greater Clocks which are furniſht with greater 

Pendulums, in like manner require weights in the ſame pro- 

portion, or alſo in a On than the times of the Vibrations 
a 


have, or which is the ſame, in ſubduplicate proportion of the 
lengths of the Pendulums; for Example, let a Clock have a pen- 
dulum of 36 inches, or 3 feet, which makes each Vibration in 
one ſecond, and another with a pendulum of 9 inches, which 
abſolves the vibrations in half a ſecond, ſo that in one hour 
that makes 3600 vibrations, and this makes 7200 ; ſince the 
pendulum ot the firſt Clock is quadruple of the other, to ag1- 
rate it, is required a quadruple force or weight; becauſe 1t 
ought to move but doubly ſlower, alſo the Serpentine wheel, 
or that which incites the pendulum, muſt be moved doubly 
flower, and therefore the weight hung to the lower wheel will 
have a double weight, therefore a double weight ſuffices ro move 
a pendulum cf quadruple length through like Arches; for a 
double weight, if it have over and above a double poiſe of a- 
norher weight, is equivalent to a quadruple weight. 
Fig. 133. Notwithſtanding *tis to be Noted, if the longer 
pendulum be inforced in a point proportionally di- 
ſtant from the centre of the pendulum, a weight as little again 
will ſuthce ro move the long pendulum, as it the. pendulum A 
C, receive an impulſe from the upper wheel in the point B, and 
another longer pendulum D F, receive an impullc in the point 
E, and let the proportion be the ſame of AC to D B as of D 
Fro DE, a weight doubly lefler is required ' to move the 
longer pendulum than to move the ſhorter pendulum ; for if 
the diſpoſition of the wheels be the ſame, or the velocity the 
fame as the upper wheel, an equal weight is required as: ap- 
pears, bur in a longer pendulum the upper wheel is moved 
doubly flower, and ſo the weight hung co the Clock hath a 
double poiſe, therefore a weight doubly leſs ſufices. But if 
the pendulum D F be 'impelled in G, fo 'that DG be a mean 
proportional between AB and D E, than an equal weight in 
each Clock is required, and only double the weight is requir- 
ed in the Clock of the pendulum D F, when the pendulum is 
ancired in the point H, ſo that D H be equal to A B, and the 
. Globes C and F are ſuppoſed of equal weight, bur if the weights 
are unequal, then their proporton ought to be had, which 
may vary diverily. 
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Problem. VIE. 
Another way of fitting a Pendulum to a Clock. 


Fig. 3+ÞJE< we will deſcribe the way moſt in uſe of fir- 
ting Pendulums ro Clocks, the {erpentine or 
encountring wheel, muſt be placed in an Horizontal fite, and 
the beam of the Ballance alſo ſtrerchr our Horizontally on the 
ſame ; the wheel furniſht with jagged teeth, muſt have its num- 
ber unequal to this, that two little flaps, or wings, of the Beam 
of the Ballance, may lay hold on the teeth by rurns, according 
to the uſual manner, which little wings ought therefore ſo to 
be joined to the beam of the Ballance, that their planes make 
a right angle, and the Axis of the beam ought to be extended 
preciſely through the centre of the Wheel ; but becauſe if the 
Pendulum be immediately join'd ro the beam of the ballance, 
its weight will burden ir roo much,therefore a handle is added 
to the beam, boared through in the extream point, to which 
hole is fixt a rod hanging at liberty that it may eaſily agitare. 
But you muſt take care that the lower little arm poſleſs a 
middle fite between each little wing of the beam of the Bal- 
lance, leſt one vibration of the pendulum be greater than ano- 
ther, and make the motion very incongruous and lame; inthe 
reſt obſerve the precepts already delivered ; ſome fix a Globe 
unmoveable on the end without any Screw, moving the cen- 
tre of the Spear or Wire, they raiſe it or depreſs ir to reduce 
the vibrations to the exact meaſure of time, for when the cen- 
tre is raiſed, the pendulum runs through a leffer arch, and 
ſooner diſpatches each vibration, ſpecially becauſe *cis reſiſted 
by a lefſer impulſe, and it makes the vibration ſlower, if it be 
depreſt for the contrary reaſons ; yet you muſt take care that 
the centre be not beneath the axis, nor that it be elevated much 
above it; laſtly, the length of the little arms are determined 
by praCtice, and by the wheels. 
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Problem. VIII. 


To ameud the Irregularity of all Clocks and Fugins, mea- 
ſuring time otherwiſe than by the manner of Pendulums. 


Know ſome: have not been wanting, who are willing to a- 

dopt Pendulums to watches, or portables Clocks, neverthe- 
le they laboured in vain ; for the ſmallneſs of the Watches, 
and the diverſity of their Scituations, with the continual agi- 
ration of the pendulums, while they 2re carried abour, cannot 
ealily admit them to vibrate uniformly ; and although the pen- 
dulum may be fo fitted, that being librated between many 
Circles Or rings, after rhe manner of a Sea Needle, it may al- 
ways obtain a perpendicular fire; however the agitation of the 


whole watch will make the vibrations of the pendulum to run 


ſumerimes in this, ſometimes in the other part, hindering their 
equality altogether, beſides that, the ſpace which the beam re- 
quires, is much greater than the magnitude of Watches will 


conveniently admit ; wherefore perchance more patly,the whole 


watch with its pendulum appled to it after one of the foreſaid 
preſcriptions, may be hung within 3 or 4. little circles, which 
may eafily be included in a Sphzrical caſe of the Watch. 

Since therefore the application of Pendulums to theſe kind: 


of Watches, or other portable Engins, are either uſcleſs or al- 


together difficult, the illuſtrious Hagenius ( for his new Inven- 
tion, now known to all the World ) hath found our another 
way, which I could not paſs by in this place, ir being very 


profitable and ingenious, therefore aCCept it as taken from Let- 


rers of the ſame Author. 


The Miſtery of the Invention conſiſts in a thin plate of inet- 
tal or {ſpiral creſt, having faſtned to it at the lower end a Cars- 


&:1t String, Or an Inſtrument of an equal weight, but greater 
and more ponderons than is wont, and movable of its own: 


accord to and try upon its points ; and the other end is faſt- 
ned to a little pat or Covert flicking up above the upper part 
of the Clock, which being once vibrared ro the rongue of the 
Ballwnce of the Clock, compreiks and releaſes its ſpires one af- 
ter another, and drawing co it ſelf a little help coming from 
the wheels of the clock, mainmairs the motion of the Inſtru- 
ment or Ballance ſo rruly, that akthough it makes greater T2 
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leſſer digreſſions, its reciprocations nevertheleſs throughout are 
equal in time one tO another. 

Fig. 134. In the figure of the former Clock the plane is 
AB, the circle of the Ballance, or compaſs about the tongue 
of the ballance C D, its axis or lance E F; the wing or ſpring 
curn'd into a ſpire G H M is faſtned to the ſpear of the bal- 
lance in M, and to the thin plate of mettal on the upper plane 
of the Clock in G, {o truly, that all the ſpires of the ſpring 
cleave to theſe two props hanged up in the air, touching no- 
thing beneath: N OPQ 1 a certain Covering, or propping, 
in which the other point of the ballznce is turned : R $ is one 
of the roothed Wheels of the Clock, having a certain motion 
of the poiſer impreſt on it from meeting with the next wheel, 
and this wheel RS is folded into the Tympane T, made faſt 
to the axis or ſpear of the poiſer, whoſe motion is by this means 
as much maintain'd as there is occaſion. 

This Invention of Hugenius may be uſed not only in Watch- 
es, and portable Clocks, bur alſo in others which are pit into 
motion by hung weights; and ro which he adds, That a clock 
made by the forefaid Artifice may be ſerviceable in finding 
the Longitude at Land and Sea, which I am not eaſily indu- 
ced to believe, for neither is the inequallity of motion of Clocks 
more CorreCted by this Invention than by Pendulams, as pou 
may eafily underſtand by what 1s faid, nevertheleſs *tis very 


uſeful, becauſe it may be firred ro portable Clocks, or Watches, 


which cannot ſuffer a Pendulum. | 

Fig. 135. 1 obſerve that the ſpear of the ballance E F may 
agitare, and unleſs I am miſtaken, more beneficially by a Zone 
or double wheel wich ſmooth teeth, or linle keys after thar 
manner, whereby a pendulum agitates in the fifth problem, ro 
wit, if the little keys C, D, G, H, &c. by turns, cr one after 
another, hit againſt the two little wings A and B, here and 
there fixt to the ſame ſpear or lance ; for {ice this ſpear oughr 
to be much thicker and ſtronger than commonly they are wont 
in cqmmon Clocks, and more reſiſts the impulſes of the wheel 
S R, by reaſon of the ſpire G H endeavouring againſt it, the 
poiling wheel commonly call'd Serpentine is not ſo uſeful, 
which is wont to agitate the common ſpear of the Ballance. 
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Problem. IX. 
A Clock that makes no Noiſe, and yet hath a Pendulum. 


Fig. 1 36:HT will not be unpleaſant in this place to deſcribe a 

kind of a Clock which we found in F:ther Mili- 
et's third Book of Starics, or art of ballancing, Prop. 59. where 
he hath theſe things. 


This kind of Clock, or Watch, is moſt uſefull, becauſe no 


found of the Poiſer is heard, and therefore may be uſed in a 
Bed-room without fear of diſturbing ones refr. 
' The Lord Serale hath had many of this kind made, and the 


Artifice was thus : The Clock confifts of 4 wheels, and one axis. 


furniſht with little wings or Pinions. 


The firſt wheel was furniſht with g6 Tecth, and diſpatcht 


half a Circulation in an hour. 

The ſecond had in the axis 12 little Teeth, and in the cir- 
cumference of the wheel, it had 72 little Teeth, and it accom- 
pliſhr 4 circulations in one hour. 

The third had 6 little teeth in the axis, and im the circumfe- 
rence 6o little teeth, and finiſht 48 circalations in an hour. 

The fourth had 8 little Teeth in the axis, and in the circum- 
ference 80, and finiſht 360 circulations in an hour. 

The axis furniſht with wings which is deſcribed in the Fi- 


Suree e, had 8 little teeth, and finiſhr 3600 circulations in an 


hour, and fince every Circulation made one compounded yi- 
bration, there was 3600 compounded vibrations, ' and 7200 


fimple ones; one compounded vibration is equal to a ſecond. 


Minute, and a ſimple one to half a ſecond minute, the length 
of the pendulum was 9g inches. 


The whole Artifice confiſts in the axis B.C, and in the han- 


dle of the pendulum H I K, which may b2 turned about the- 


point G, as abour an axis, and the point K was ingrafted in 


the point 6 of the axis, furniſhe with rings, which axis while 
it turns, inforces the arm K I, and draws xt in by turns; which. 


you- may. eaſily conceive, if the arm K I be at right angles with 
the axis. B C, and beingrafted in the point 6; the reſt may bet- 


ter be conceived if the thing be put into. Execution, than can. 


be expreſt in. words. 
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Problem. RX. 


To determine the mumler of Teeth and Wheels in Clocks. 
which have: Pendulums.. 


His praQtice ought not wholly to- be neglected, which is: 
p molt uſeful in dire&ing Artificers, eſpccially firce it alſo 
contains a method of beginning, and reckoning the number 
of vibrations and cCirculations of wheels, which is: very neceſ- 
in the conſtruction of all other Engins. 

The foreſaid Author began theſe reckonings, together with 
the foreſaid method in divers forms of. Clocks, beginning from 
a Clock which conſiſted of two wheels only ; for alchough it. 
3s difficult ro fit that pendulum, nevertheleſs if it be accompliſhr 
x will be very exact, ſince the meeting of many. wheels induce 
always a greater inequality in motion. 

Fig. 137. In the firſt place therefore ( faith he ) Jet there 
be rwo wheels, the firſt or lower of 120 teeth, which is ſup- 
poſed to finiſh rwo circulations in hour, wherefore it will be 
equivalent to a wheel of 240 teeth : The ſecond wheel hath a 
little wheel of 5 teeth, wherefore while they paſs through 5: 
of the teeth of the greater wheel, the ſecond finiſhes one cir- 
culation, therefore you: muſt know how many times 5 is found 
in 240, Which you will know by Diviſion, and the quotient 
will be 48, wherefore the ſecond wheel makes 48 circumvolu- 
tions in one hour: And it appears, that the ſecond: wheel of 
35 teeth, each of which. effects two. tingle vibrations, ſince ir 
rouches the poiſer twice ; wherefore each circulation makes. 
70 vibrations, multiply 7o by 48 and. you will find 3360 ſingle: 
vibrations in an hour, the Pendulum will be Feer 35, and ſome- 
what more. 

Fig. 1 Fi I will propoſe another not unlike the precedent :- 
Let the ſame wheel have 120 teeth which will make two cir- 
culations in an hour, and therefore will be equivalent to a. 
wheel of 240 teeth: The ſccond little wheel ſhall have 6-reeth, 
divide 240 by 6 and the quotient will be 40, the ſecond wheel 
then will be turn'd round 4o times in an hour, and. ſhall have 
45 teeth ; and becauſe, as I faid but now, cach tooth touches 
the poiſer twice. in each circulation, this number will be doub- 


led 
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Jed ard will make 90, which number multiply by 4o, and 
you w1!l have 3600 ſingle vibrations in an hour, that 1s, each 

fingle vibration will be equal to a ſecond minute ; the length of 

= Pendulum muſt be 3 feet 3 inches and +3 of our Englith 
cer. 

Or if inſtead of the 6 teeth of the little wheel you pur the 
teeth of the lictle wheel 5, for then the ſecond wheel com- 
pleats 4.8 circulations in an hour, and there will be 4320 vi- 
brations in an hour; the length of the Pendulm will be about 
two feet. 

In the like manner, if there be given the firft wheel making 
two Circalations in an hour, and of 150 teeth ; the {ccond 

wheel, or that which encounters with it, ſhall 
Fig. 139. have a little wheel of 5 teeth : Wherefore the di- 

viſion being made of 3oo teeth ( which are in two 
CirTulations ) by 5, it will make 60 circulations : Suppole 60 
teeth in the ſecond wheel, that is, 120 vibrations 1n etch Cir- 
Culation, it will make the number 7200, and the Pendulum 
abour 9 inches, that is, each ſingle vibration will be equiva- 
lent to half a ſecond minute. 

The ſame things being obſerved, except that the firſt wheel - 
compleats only one circulation in an hour, you will have the 
number of -vibrations 360, and the Pendulum will be 3 feer, 
that is, each vibration will be equal to one ſecond minute. 

Which Ex2mples I have put only, becauſe you may learn 
the method of finding out other numbers, which ſhall ſeem 
more ft. 

4 Clock with three Wheels. 

You can ſcarcely make Clocks with Perdulums which ſhall 
have only two wheels, unleſs you make the Wheels very 
great, and abundance of teeth : Wherefore the greater are 
commonly made of three Wheels, and the I#fer of fonr : I ſhall 

exhibit in this place ſome numbers: A Clock hath 
Fig. 140, 3 wheebs, the fiſt of which hath 112 teeth, and 
IE, the ſecond little wheel 7, the ſecond wheel hath 
60, the littke wheel, or axis of the third wheel hath 8 teeth, 
the meeting wheel 15, you will have the number of Vibrations 
thus, Divide 112, the number of teeth of the firſt ( which 1 
each hour is once turn'd abour ) by 7, ro wit, the axis of the 
{ecor.d, and you will find the fecond to be tarn'd «bout 16 
times ; and the ſecond hath 6o teeth, wherefore multiply 16 
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by 6o and you will find 950, therefore it paſſes over 960 teeth of 
the ſecond in an hour, which number you muſt divide by 8, the 
axis of the third, and you will find the third to make 120 Cir- 
cumvolutions, and it hath r5 teeth which make 3o ſingle vi- 
brations, multiply 30 by 120 you will have 3600 lingle vibra- 
tions, and each equivalent to a ſecond minure, the length of 
che Pendulum mult be abour three feet. 

The ſame is better Cone by other numbers : Let the firſt have 
96 teeth, the axis of the ſecond 6, the ſecond 45; the axis of the 
third 6, the third 15, and this length of 3 feet is beſt for 
great Clocks. £ 

The 3 following numbers give the number 7200 vibrati- 
ons in an hour, that is, 2 vibratiors 1n ore ſecond minute, to 
wit, the going and returning, and the length of the Pendulum) 
9 inches. 


"———— __ 


Vibrations 7200. _ Vibrations 7200. MN 
order of Circumvo- Teeth of | Circum- Teeth ot |. Circum- | Teeth of 
wheels. i Jutions. | wheels. | |volutions] wheels. | ivolutions| wheels. 


. 144 44 | 25 
: by | : $i: 


| 5 ne. I 47 50 
a— — n TN Fo 

LE 1-4 TE 11-3 
[Lengul of Pendulum 9 inches. Pend. 9 inches. Pend. 9 inches. _ 


muy, 


— 


In the ſucceeding Table the numbers deſcribed give the Vibra- 
tions 7600 and 1oooo, With the Length of the Pendulum 
8 inches and 4 inches and 53. 


— 


Vibrations 7600. es Vibrations 10000. mm 
Circumvo | "Feeth | Circum- | Circum-! , Teeth hank Tee. 
Intions. volurtions volutions IE? 


200 | 200 LOC 25 
5 
5O 


 — 


— | 


IT 
Length of Pendulum 8 inches. Pend. 8 inches. Pend, 4 inches} 4 5 
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The following Numbers are for a Clock, which makes 10800 
Vibrations in an hour, or 3 in one ſecond minure, the length 


of the Perdulum 4 inches and +, and others alſo, as may be 
ſeen in the ſo lowing Table. | 


: 0855 [| ro800[| 1440 [| 11400 || 11400. 19944 || 9600 | 
— | ——— | — 
:tS [25|/216 [2511288 [251]300 [19 © ade Ef 208 |19|[320 [15 
5| 5 ERS PE; 5 5 
— — — — I —_— — {_—_— ——— 
224 [28|| 18 [60[[284 |50]| 30 [50[| 25 [60!] 24 (60/264 [60 
5| 6 5 5|| 6 |6 : 
| 14 Sf [- [72[| 2 [72 | 2 175 2 75 . Bas be. 5h 30 


The following Numbers are for a Clock with 4 Wheels. the 
number of Vibrations in an hour are 10800, to wit, 3 Vibra- 
tions anſwer one ſecond minute, the length of the Pendulum 
Is about 4. inches =. 


— ——— 


10800 | 1 0800 | 10800 7 | 
$66 3-6 360 I5 360 | 15 360 | 15 
6 5 6 6 
o0- 1 36 60 3O 60 36 60 36 
6 6 6 6 
7+ | 48 9 40 5 4s || 8 45 
I 60 I 5 4. I 64. [ 56 
SOTO Rt” | 


Theſe Tables were made by the foreſaid Author, wherein 
the Printer had committed ſome Errors which we have amen- 
ded, that they may be uſeful to Artificers. 

If in the laſt Table you take the numbers propoſed, cChang- 
Ing only the number 15 of teeth of the upper wheel, ard in 
its place uling a wheel of 20 teeth, you will have a Clock 
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which will compleat 14400 Vibrations int an hour, to wit, 4 
*1ni6ne ſecond* minute, and the length of the -pendulum will 'be 
Inches 2 £3 nevertheleſs becauſe many Artificers will have the 
meeting wheel to have an odd number of reeth, they obſerve 
the precedent numbers, to wit, ſo that only the laſt wheel but 
one which finiſhes 6o circulations in an hour hath 48 teeth ir- 
ſtead of 36 teeth, and- makes the ſame number 'of Vibre- 
t10Ns 14400; (+ | ELLE ES 12 Cdn Ses 

Wheels are divided many other ways, and the Clocks are 
wgmmonily furniſht with Pendulums ; ſome are fo qifpoſed, 
that the ſerpentine, or encountring Wheel, is curn'd round Co 
times in an hour, and is furniſht witk 60 teeth, and finiſhes two 
vibrations in one ſecond minute ; or hath 3o teeth, and fini- 
ſhes one vibration in-a miriute, then the number of the teeth 
themſelves inſcribe : the minutes which : appear conſpicuous 
through a round hole, or through a little opening made in 
the front of the Clock. | SO, 


Problem. XI. 


To corred? perfettly the inequality of motion of. Clocks, or other 
Engins that meaſure time, having Pendulums,; by apply= 
ing a double Pendulum, and by Cycloides.* oo 


OT a. Pendulum applied' to a Clock ( as we have 
{aid ,) eftets this, that if- the impulſive cauſe of motion 
of the wheels be:too {wift, or roo flow, 'its vibrations tempers 
it, each of. which. when they meaſure a determinate rimc, ci- 
ther they. agree to the too much celerity of the wheels, or 
they ſtir up and excite their heavineſs and dulncſs, vience for 
the moſt part the irregularity is taken away ; notwituilunding 
becauſe while the Pendulum - reiiſts the unequal impulſes of 
the 'wheels, their. vibrations muſt needs contra ſome irregu- 
larity:to themſelves, - ſo that ſome make their'excartions thro' 
greater-and others thro! leſſer -arches ;- and-it appeirs by what 
has beer: ſaid, that thoſe Pendulums finiſh their arches in ſhor- 
ter'time which make the leaſt arches,' and thoſe in longer 
which make greater or larger arches :- Hence 'tis, that by ap- 
plication;of a Pendulum all the regularity is rot wholly cor- 
rected, unleſs. the Clock be fo fitted that the vibrations be rru- 
ly regular and uniform. 
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And this irregularity of Vibrations may, proceed from a 
threefold head; the firſt is, the various. temper of. the air thro' 
which the globe paſles,-for if ir be thick it reſiſts more, if hea- 
vier, the motion 15 not. only conſequently hindred by the grea- 
ter denſity, bur alſo the weight of the globe is rendred leſs 
ponderous, that therefore they have leſs ſtrength to cut the 
air, and it renders the motion of the: wheels and the Impetus 
more faint and weak. The ſecond is, the impulſive force of 
the wheels, or other power, continuing the vibrations, which 
if it be irregular, induces. in like manner at leaſt ſome, if mn 
all, the Irregulariry in the vibrations, and theſe two heads may” 
be referred to outward cauſes. The third is from within, or 
from the nature of the vibtations themſelves, which are, as 
we have faid, that if a globe fall by its own. weight, in ſwing- 
ing it will make many vibrations, yet they will nor all be of a 
like continuance. 

The irregularity of Vibrations which proceed from the firſt 
head may wholly be taken away, if the Clock with the Pen- 
dulum be included in a cafe of glaſs, or ſuch like receptacle, 
wholly unpaſſable to the air ( which how ro perform we ſhall 
ſhew hereafter ) -wherefore it:remains that we [ſpeak to the 
wo other. . ONE EST 

/To the Irregularity. of the third head, which is as it were 
inbred in the ſimple vibrations themſelves, a remedy ſeems to 
be found by. the induſtrious Hugenius by the following inge- 
nious, practice, the whole Art conſiſts in a double arch of the 
figure of a Cycloid, within which. the Pendulum agitares. 

Fig. 141. Let the Pendulum be A B, which is agitated to 
and fro by indifferent 'arches B C, BD of 20 degrees, and ler 
this Pendulum hang by a thred or ſmall cord A E of one inch 
more or leſs, according to the length of the Pendulum, whoſe 
remaining part E B muſt be ſtiff ; diſpoſe here and there near 
the centre A two bowed thin plates of mettal AG H andAFI, 
{o that they touch the. lines A.D; A C, in the points F and G, 
and the curvity ongnttonaye the figure ofa Cycloid ; ſo it will 
come to paſs that it the Pendulum make greater vibrations, and 
runs out beyound the lines A C. A D, it willrouch the Cycloid 
in the points F and G, and its length willnotany longer be A D 
bur F D, and ſo when the Pendulum is made ſhorter, its vi- 
bration Continues I-\s time : Bur why the Author choſe rather 
the fgure of a Cyclojd than another Curve doth not ſufficient- 
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ly « appear, nor doth his Demonſtration ſeem to be lawful, 
whereby he pretends to ſhew by this Cycloid that the length 
of the Pendulum is made leſſer and lefler ſucceſſively, while 
ir hits againſt the thred A E, and that that leſſer length preciſe- 
ly compenſates the greater length of time of the vibratiors 
which are made by the greater arches. | 

The manner of deſcribing the Cycloid,according to the Au- 
thor, is two fold : Firſt, deſcribe a Circle whoſe diamerer A B 
is equal to half the length of the given Pendulum ; take in the 
circumference any number of equal parts both ways from the 
diameter as AC, CD, DE, EF, and AG, GH, HI, I K, and 
Join the parallel lines CG, D H, EI, F K, then make the right 
line L M equal to the Curve or arch A DF, and divide it in- 
10 as many equal parts as there are in the arch, to wit, into 4 
parts, one of theſe parts of the line L M transfer from C to N, 
and the ſame transfer from G to O ; moreover two of theſe 
parts L M transfer from D in P, and_from H in Q; likewiſe 
three of them from E in R, and from I inS: Laſtly, all four 
from Fin T, and from K in V, and by the points A,Q,Q, 
S, V draw a line, and alſo by the points A, N,P, R, TT, an 
they will be portions of a Cycloid; between which the Pendu- 
lum muſt be hung from the Centre A; the right line L M 
which is to be equal to the arch ADF, he teachcs to find in 
this manner : Make X Z equal to two chords, ſubrending the 
arches AD, DF, then take X Y equal to the Chord A F, of the 
whole arch A D F, take the third part of the difference Y Z, 
thatisZ A, and additto X Z, and X A will be a right line e- 
qual to the arch. 

The ſecond way is Mechanically ; on a plain Table, place a 
Ruler A B Ralf an inch in thickneſs, make alſo a little wheel or 
cylinder of the ſame thinkneſs CDE H, whoſe Diameter make 
equal to half the length of the pendulum ; then a thred orſtrirg 
FCHE being faſtned in the point F of the rule, and in ſome 
point E of the Cylinder, ſo that part of it be wound about the 
Cylinder, and the other part extended on the fide of the rule 
FC; inthe ſame Cylinder fix an iron ſtile 721, which fhall 
deſcend a little below the lower baſe, and ex-ttly correſpond 
to the circumference of the Cylinder ; theſe tirings thus dif. 
poſed, if the Cylinder turn about on the fide B A, rowards 4, 
ſo that the ſtring be always wholly ftrechr, the ſtile with its 
point I, will deſcribe the cycloid line I K, and in the fame 
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marier;/ you may-:deſcribeianother like -and oppoſit-unto it, 
and you will have'the figure M K I, which repreſents the ſpace 
berween the rwo crooked pieces. of thin metrtol; between which 
the-pendulum ought to agitate, fo as to make all..its vibrations 
10 caualaimgsl 5m 16 £2.49) 090 HE 0 251 | 
Another late invention of. Mathew Campanes conſiſts alroge- 


ther like:tt 2-double Pendalum; whictr is. 10 fitted.to the Clock,. 


that one'of them moves and 'makes a certain number of vibra- 
tions, the other reſting, and. by turns while the firlt reſteth the 
other finiſhes the ſane rumber of vibrations ; and in this man- 
ner, 'tis agitated by one'after tother, rthar:as foon. as one: reſt- 
eth, the: other begins to move; for if a.pendulum.of its own 
accord- and proper. weight falling from ſome : certain! height of 
its arch, make 100 vibrations in the ſpace of one minute of an 
hour ; *ris' ceitain that another- exactly like the former will e- 
fc the ſame namber of vibrations 'in the ſame ſpace of time, 
provided it fall of it ſelf from the ſame height; ro wit, - the 'im- 


pediment being removed in the ſame manner. which detrain'd 


the 'pendulam” from falling from that Altitude ; wherefore if 


two pendulums are {o'firted ih a Clock, that they.are both e- 


very where alike, and Falling. from. an equal height finiſh 100 
Vibratiohs-in one minute, they Will : move one after.- another, 
nor will one begin to move until the other has finiſht 100 vi- 
brations, and no- irregularity can intervene in the meaſure of 


motion, ſince each compleats roo vibrations in one minute: 


preCiſely. Wis Zin i | L523 i 
And the Clock may be ſo diſpoſed, thar while one pendu- 
lum makes its vibrations, the cther pendulum not only: refts, 
bur neither any of its wheels of the Clock' are moved,. belrdes 
ſome one defigned for the purpale,; that as ſoon as” the other 
hath made 100:or 60 vibrations, t removes the: impediment 
which derain'd'both the pendalum and rhe Clock, and: derains- 
the pendalum firſt in agiration'to reſt ar-chie-ſfame inſtant that the: 
other rogether wiki the (lock begins''ro 'inbye; then again, 
the Clock with the pendulum relteth rhe impediment being re- 
moved from the motion of the other pendalum. | 
This may be done many ways,. as any one inftruſted and 
exerCited in Mechanicks may-catily underſtand; the: Author 
ſhews one way, which becauſe he hath 'norfulfictently iexplain- 
ed it, ts in vain to deſcribe it here: SEMIS: 
And although I think this kind -of Cloek/'fumithr pies 
OQUDIE 
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double pendulum to be moſt exact, and ſcarcely to err one 
minute in an whole day, that is, in 2.4 hours, 1 it be well kepr 


in ſome Chamber, and be placed in an unmoveadle ite ; yer if 


you make uſe of it in Navigation to find the Geographical 
Longitude, I cannot eſteem it wholly to {1tishe what 15 defired, 
for two Reaſons ; firſt, becauſe it can ſcarce be in the agitation 
of a great ſhip, bur the whole Clock muſt conceive ſome mo- 
tion, or at leaſt a light ſhaking or trembling in it felt, although 
ir be artificially fixt on movable poles, or hangs on movable 
circles ; from which trembling or ſhaking, the vibrations of 
the perdulums muſt needs ſuffer fome irregularity. 

The ſecond reaſon common to all kind of pendulums is, 
becauſe while the pendulum is moved together with the ſhip, 
it makes not a Circular motion, but another motion mixt of a 
Circular and a right ; yea, if the ſhip beſides an Horizontal 
motion be agitated by other motions, chiefly upwards and 
downwards,as happens many times in an unquiet Sea, the mo- 
tion of the Pendulum will be mixt of a Circuler, Horizontal, 
and of other motions both right and crooked, nor at any time 
uniform, from whence ir comes to paſs, that while the centre 
of the pendulum is irregularly moved, its vibrations will be 
irregular, and it will run through ſome times greater and 
ſome times lefler arches, or rather crooked lines, and alcoge- 
ther unlike between themſelves, as we have ſhewn before. 


Problem. XII. 


To reduce the continual moving, and irregular Powers of 
Clocks and Engins, to a regular and uniform motion. 


Fives in the preceeding Problem we have taught ways and 
I means whereby the finite and irregular motions of Powers 
may practically be reduced to equality of motion, nothing 
ſeems now to be wanting, unleſs *ris ro ſhew how to obtain a 
motion equal and uniform in powers infinite or continu, 
which otherwiſe of thei: own nature are irregular ; which, if 
it be done, we ſhall attain to a motion continual, and alrogether 
equal; nevertheleſs F:d6 not mean that continual motion which 
s-alrogerher meChanical,or purely artificial, of which in its 'place} 
burthe other which is called Phy/ico- Mechanic, becauſe that ir part= 
ly conſiſts of Arc, and partly of Nature ; for ſince no moving 
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power ſeems to be continual or perpetual, unleſs it be natural, 
or depends immediately on a natural cauſe, as we ſhall manifeſt 
hereafter, and theſe kind of natural powets or virtues in nature 
keep not always an equal order ; it is requiſite to find out an art 
whereby we may effect that their force, although unequal, may 
nevertheleſs be ſerviceable to the perpetuating of a motion e- 
qual, and alrogether uniform. | 

Therefore I call all thoſe perpetual moving powers, or na- 
rural and irregular, ro which we are apt either immediately 


or mediately to apply new weights, or regular powers, within 


ſome finite and determinate time ſucceſlively, and always to 
the Engin being once made. 

And all the induſtry and art which is to uſed in this matter, 
may eaſily be gathered from what we have ſaid in Problem the 
5th, for if we ſuppoſe a Clock to be made, whoſe motion 
according to the rules preſcribed juſt before is abſolutely uni- 
form, and ir ſhould go ſo for eight days by ſome weighthanged 
to the lower wheel, that in thar ſpace of time, it ſhall want 
no help, if then within that ſame time of 8 days an infinite 
power, or a perpetual natural one be artifically applied, that 
ſhall be fir to raiſe another weight equal to the former, and to 
depoſit ic in the place of the former, ſo that forthwith the 
weight of the Clock likewiſe ſhall deſcend ro the bottom, and 
be placed in the ſubjeted channel, the Clock will be moved 
again by that new advanced weight, according to the artifice 
in Problem the 5th. aforeſaid, and that will alſo keep it going 
8 days, it is plain that the motion of the Clock will be equal 
and perpetual. | 

Bur Note,that you muſt uſe two weights at leaft, one where- 
of muſt be hung to the Clock, while its regular motion moves 
forward, the; other by an irregular power ( ſuppoſe Wind, 
Rain, Heat, Drought, ec.) is ſubſtituted in its place, before 
that hath diſcharged irs office. 
| Moreover theſe two weights ought to be Spharical,that one 
may eaſily ſucceed the other, the devolution being made by a 
channel, or plane, ſomewhat declining, as in the ſame 5th pro- 
blem is ſhewn. 

Laſtly, *tis convenient that the motion of the Clock be lon 
enough, and lafting, before the weight deſcend to the lowe 

lace,for this reaſon, that the natural powers may ferve turn a 
Tallctene time in the interim, that the other weight that Comes 
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in place of the former be drawn up; for although the fore- 
ſaid power be perpetual, yet it acts not always, or at leaſt fo 
little ſometimes, that although ar ſome times it be more ſtrong, 
oft-times nevertheleſs a time may be ex: e&ed for ſome hours, 
or alſo days, wherein force convenient may be attained by the 
ſucceſſive and irregular ſeries of natural cauſes; that you may 
more clearly underſtand what is meant when we ſpeak of per- 
perual motion, for then we deſcribe various perpetual motions 
Phyſico-Mechanic, from whence it appears of what uſe na- 
rural powers are, and by what art they are applied, that their 
force although irregular may notwithſlanding perpetuate a re- 
gular motion to any Engin ; I will offer only one Example in 
this place, by which you may ealily judge of the reſt. *Tis 
already known to Artificers, that by ſmall Breaths, or from the 
ſmoak of a Kitchin Fire, ſpits are wont to be turn'd, that is to 
ſay, diſpoſe in the centre of the Chimny ( which if it be Cy- 
lindrical it will be the better) a croſs, or ſome wheel, furnifhc 
with wings made of Tin, in the ſame or like form as is before 
deſcribed, for ſo while thoſe wings hit obliquely againſt the 
Smoak, they carry the wheel about, and if there be in the axis 
a toothed Tympane, ir conveys that together with it ſelf, by 
which means it moves other wheels annext to it; a weighc 


fomewhat Spherical pur into a little Basker, may be raiſed to 


a certain height, and there put down according as we have 


{aid at Problem 5th. And to raiſe this weight which is fit ro 


animate the Clock in motion 24. hours, ir will not be needful 
thar wood be always put on the fire, but a fire a few hours 
will be ſufficient each day, if the Clock which is to animate by 
the weight raiſed by the Smoak,be proportioned to that weight- 
Wheretore in this, and any other like artifice, firſt you muſt 
examine how much weight may conveniently be raiſed by a 
natural power ina limitted time to a perfixt height, and then 
make the Clock or Engin proportioned to ſuch weight. 

What we have {aid concerning Smoak, may take place in 
Wind blowing, and Wings impclling, which will raiſe weight 
by annexing wheels, alſo if any one in a City, or the Gate of 
an Houſe, diſpoſe a threſhold, or little Bridge, with an occult 
leaver, or a ſpring of thin mettal plate a little clevated, ſo that 


by the entring or going forth of Men, of Horſes, and of Cha- 


riots, a weight may be deprefled oft-rimes in a day, from cach 


by 
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by repeated motions may be drawn to a deſigned height for 
the perpetual animating of any Engin. 


Problem. XIII. 


A Clock animated, or going by Sand, perſevering in motion 
many days, and ſhewing the Hours, and alſo Striking. 


Frer the application of weights, or moving powers, we 
come to thoſe Engins, or meaſurers of time, in which 
the Circular motion is moſt apparent, and fince there are many 
Hour-glailes that belong to perpendicular motion, or to an in- 
clined plane, it remains for the perfecting of them, thar we 
ſhew how ( approaching to circular motion ) it maybe effect- 
ed that they may turn themſelves by motion of their own ac- 
cord after the flowing or running of the Sand, 2nd that not 
once, but many times one after another, that therefore we 
may not only be freed from the inconveniency of attending 
the laſt flux of the Sand, while we are converſant in any other 
bulinefs, but alſo that it may not want any help of the har ds 
for feveral days, and each rurning about may ſucceſlively ſhew 
the Hours, or likewiſe Strike : Mark- whar follows. 
Fig. 143. Suppoſe A B an Hour-glafſs with Sand, ſuch as is 
commonly uſed, in the middle whereof fix a tranſverſe axis G 
H, and in an Horizonrtal ſite, and to the ſame axis let there be 


firmly ficted two Pullies, or rather Cylinders here and there, 


movable with the axis by means of weights Q and R hang- 
ing from them; above the Honr-glaſs make' another Horizon- 
tal axis I K, movable about the poles I K, to whoſe fide annex 
an immovable arm L M,with a weight M afhxt to its end; and 
in the middle in like manner, let another little arm N O para- 
lell. ro the-former deſcend, which may be detain'd in its .ex- 
cream part O, or rather elevated 'togerher 'with the weight M, 
by a little wing ſtanding out from the upper baſe of. the Sand, 
10 that being hindred by the weight M, the Sand cannot be 
wholly turned by the weights Q and R, notwithſtanding it will 
remain in a fite not altogether perpendicular, but fomewhar 
inclined ; and the weight M muſt be ſo proportioned to the 
weight of the Clock, -andalſo ro the weights Q ard R,-thar it 
may be detain'd in the faid- inclined fite, untill all the fand: be 
deſcended from the uppcr ''glaſs A- into the lower one B, 'and 
when all the Sand is run into the lower glaſs B, it will obtain 

greater 
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greater weight, that therefore while the Sand endeavours. to 
be placed in a perpendicular fite, or in the line of direCtion, 
the weight M will riſe higher, and at once will free the little 
wing O from the little arm N O, from whence follows the 
turning of the Hour-glaſs by means of the weights Q R, and 
the lower part B will be placed in the upper part, and will be 
detained by the little arm N O, by means of the little flap or 
wing P, untill the Sand is again run out; for then it will a- 
gain be turned as before, and ſo ſucceſſively until the. weights 
Q and R are quite deſcended ; bur becauſe the little Cylinders 
CE, on which the ropes ſuſtaining, the weights Q R are 
turn'd about, may be of a ſmall bignels, and becauſe after eve- 
ry hour they make but half a revolution, it appears that the 
motion of the Clock and the turnings may be exrended ro ma-- 
ny hours. | 

But if you would fit an index to ſhew the hours, that you 
may eaſily obtain by means of rwo little teeth, fixr on the end 
G of the axis G H and oppolite ro each other, which ſucce(- 
ſively and by turns one after another, every turning of the 
Hour-glaſs will move forward the wheel G T, furniſht with ſo 
many teeth as there are hours deſcribed in the circle, which 
may be noted by a ſtanding .index fixt in the centre of the 
ſame wheel; but if in like manner you affix an hour wheelin a 
convenient place to the fame Engin, which may be moved for- 
ward by means of ſome roothed Tympane, or wheel, by the 
ſame axis, you may cauſe the number of hours to be heard by 
ſtriking on a Bell. 

Many other ways the index may be fitred to the ſame En- 
gin, and the ſtriking of rhe hours may be made, as will appear 
by what we ſhall ſhew hereafter, when we thall treat of the in- 
dexes of Clocks, and their ſtriking. | 


Problem, XIV. 


A Clock moving by the Conſumption of Oyl in a Lamp. 


Fig, 44 Make a Lamp whoſe part A B entertaining the 
A. Oyl, islike a Column or Cylindrical, ſhur cloſe 

every where, exCept in its loweſt part C, where the Oyl centers 
lowly through a little apening into a vellcl annext C L, while 
the other Oylis conſumed by the flame L ; in the foremoſt parr 
E © 1 N 
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ſaid Cylinder, within which on the upper part make a ſecret 
or hidden pulley I; with an axis E F, preſenting or conveying 
on the outward viſible face the index of the hours deſcribed in 
the circle G H. | _ 

Theſe things being done, put Oyl into the Lamp, or Cylin- 
der A B, upon which let a cube D of light matter ( as Cork, or 
Wood ) ſwim, and to this you muſt faſten a thred, or car-gut 
D CG TIM, wiz. that it may deſcend from the upper ſuperficies 
of the Oyl to C, and being put abour the little pullies C C, ic 
may aſcend to I, and be folded about that pulley ; and laſtly, ler 
the other end M ſuſtain a weight, yet of leſs gravity than to 
draw downwards the cube D, which muſt always. Swim up- 
on the Oyl, and while the Oyl confumes, it deſcends with 
the Oyl, and draws the thred, or Cat-gut, with the weight M, 
and rurns the pulley I, together with the hour Index. 

Note, That the magnitude of the little pulley I, muſt be pro- 
portionate with the deſcent of the Oyl, and of the cube D; 
wherefore we muft obſerve how much the cube deſcends in 
one hour, to the end that the little pulley moving, the index 
I may be moved orderly. | 

Morcover the receiver muſt be uniform, and of one thick- 
neſs, and muſt make uſe of the ſame number of threds that the 
Oyl may be conſumed uniformly, and the Lamp may be fill'd- 
with, Oyl, either by a little door, or wicker, beneath C, or by 
ſome hole in the upper baſe of the Cylinder A, which after- 
wards muſt be diligently fenced from the Air entring in with 
A SCrew. | 

If the axis of the little pulley I be ſo fitted within the Cy- 
linder A B, that irs end F ſtick out on the out-fide by a hole 
made in the fame Cylinder,and turn about the Index, you will 
obtain the ſame. effect without the channel on the exterior part 
1 N, which is made to cauſe the artifice to:ſeem occult and mi- 
ſterious; but that trole muſt be fo fired'tro the movable axis with- 
init E F, that there appear no admittance for air into the Cy- 
linder A B, for if there be, the Oyl will wholly deſcend, ard 
be poured out - without the'vellet C L. 


Alſo the index of the hours may be made in the upper baſe 
A, of the Cylinder to fit, ſo that the baſe it ſelf be for the- 
hour circle, which may eaſily be obtained many ways, as will 
appear to any induſtrious Artificer, | 
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Laftly, Beſides the circle and the hour index, there may be-ap» 
plied a toothed wheel, by whoſe meansthe hours may ſtrike; 
and if to make it more ingeniouſly, you would place a little 
Bell within the Lamp to give notice of the hours, you muſt 
ſolder or glue an open tube ſpirally to both ends of the in- 
ward ſuperficies of a concave Cylinder, deſcending abour the 
Cylinder ; and through this tube, or channel, deſcends the Oyl 
while it waſts by degrees, and a globe of light matter ſwim- 
ming on the Oyl within the rube ; then all things being ſo tig- 
red, that in each hour the motion of the Globe in deſcending, 
fiaiſhes one whole ſpire, and then it hits againſt a peſtle, or 
ſome flap, or wing, which looſes the movable wheel from the 
weight, as is wont to be done in common Clocks with wheels, 
ſo after the finiſhing of each ſpace of the ſpires, the Globe 
unlooſing the ſame wheel, cauſes new ſtroaks of the hours on 


the Bell. 
Problem. XV. 


To make a pulley Clock, or a Clock of meer pullies without 
any toothed wheels, 


Fig. 145.5 His artifice is propoſed by Father Schortus, lib. 9g. 
"00 FT Tecnic. Cap. = Prop. 47. Let there be (ſays he ) 
a little pulley A B about its axis, or alſo with a movable axis, 
to this Join the perpendicular M N P, by the artifice in Pro- 
blem the 34, and that by means of a little rod M A ; from the 
lictle pulley A B, ſuſpend the pulley C D, by means of. a per- 
petual knotty little chord, whether thoſe. knots be made of 
firm little balls diſpoſed or fixt to the rope, or knots made by 
bending-the chord it ſelf, and cavities or hollowings of equal 
{pace from one another, to HE, fe theſe knots in cach pulley 
ABand CD; the pulley C D hath in its axis a little pulley E 
F made faſt, from whence is ſuſpended in the ſame plain man- 
ner the pulley GH; and ſo henceforward the pulleys may 
be continued as many as are needful]; from the lower pulley, 
viz.tothelictle palley I K, of the pulley G H, hang the weight 
L, ſufficient for the motion of the pullies, and of the perpen- 
dicular ; all the axes of the hanging pullies muſt be moved nor 
within a firm hole, but within a certain flirt, or notch, cur from 
the top to the bottom, that while thoſe perperual chords we 
: E023 thc 
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the knots are contracted, or diſtended, the axes of the pullies 
may be raiſed, or depreſſed ; the reſt that belongs hereto, as the 
proportions of the pullies to each other, are eaſily underſtood 
from what is ſaid before, all thofe pullies being agitated by 
the force of the weight L, will be moved circularly, and the 
perpendicular N P, freely moving in its centre or point of ſuſpen- 
ſion, . will be agitaced by the lirtle pulley A B, and :the little 
rod A M: See the problem before cited, and the other ways of 
applying pendulums'to Clocks before deſcribed.  - 

According to the Author, the Pullies muſt be ſo diſpoſed 
that their axes move Within the ſlit, or notch, and thar cauſes 
the Engin to. work ill, for when the axes gravitate unequal- 
ly from the other. Pullies; or from the weight L hung to the 
Pullies, they are crooked or awry, and do not retain an hori- 
zontal fire as they ought ; wherefore the axes ſhould rather 
be pur into firm holes, and Jett the chords be ſhrunk or ſtretch- 
ed by wet, or drought, they may be wove of metallic threds, 
or wyres ; but if you uſe common chords the axes muſt be 
pur into ſlits, and not into holes, but. the pulley ropes ought 
ro be doubled, and the weight hung to the lower little pul- 
ley, ro wit, tro the axis of the pulley C D, another little pul- 
ley equal to E F muſt be fixt, and you muſt anſwer the ſame 
in the oppoſite face :of ' the. pulley ; which little pulley in like 
manner with another* perperual chord muſt ſuſtain the ſame 
pulley G H, or rather another altogether like it, and annext 
co it : Laſtly, another ſmall pulley like ro I K muſt anſwer on 
the oppolite face ; then the weight L will be parted in the 
middle, and will--be ſuſtain'd partly by the little pulley I K, 
and -partly;by the: other 'oppoltte. 


Problem. XVI. 


To ren!ler the motion of a Tendulum continual for many hours, 


. or :«tfo; whole days. 


Any Artitices have been invented in the laſt years of this 
| Age, and various ways thuught on of rendring or ef- 
Iccth::y the monton of Fendulums continual, thar they . may. 
pertevere tor many hours or days with the ſame perpetual ve- 
IoCity ; from whence allo this advantage follows, that ail the 
vibratons.arc made in equal times ; fome of theſe kinds of 
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Artifices I ſhall deſcribe in. this place, which ſeem ro me moſt 
meet for the purpoſe, for any one of his own ingenuity may 


take occaſion to think of others. 


Fig. 145. Firſt then, let the Pendulum be A B, to which at 
right Angles join the little arm A C, and let the upper wheel, 
or toothed Cylinder be D E, which being rurn'd abour draws 
with it another little arm D C, made falt in the baſe of its Cy- 
linder near the circumference being rour.d in the middle, and 
with a ſmooth pin, ſo that the little arm may be trecly mo- 
ved about this pin, and conſequently while "cis turn'd about 
the Cylinder, or wheel D, the little arm D C may be depreſs'd, 


or bore down, which conjoin in C with another little arm, 


and the angle C being inlarged will ſuddainly cauſe the lance 
of the Pendulum A B to be lifted up, which is join'd in A to 
the wood I L from whence being ſuſpended 'tis detain'd, bur 
nevertheleſs it freely turns about the {ſmooth pin A faſtned to 
the wood ; then fome ſufhcient weight being added to the 
lower wheel G, from this motion fullows the motion of the 
wheel above it F, and this being in the middle ( as it is wont 
to be in Clocks ) turns abour the uppermoſt wheel E D, which 
drawing with it the little arm of the pendulum, the ſame im- 
prints a motion to the pendulum, as long as there is new 
rope which ſuſtains the weight annexr to the wheel beneath, 
or loweſt wheel. 

Note, inſtead of the Cylinder, or little wheel D E, you may 
fir a roothed Cylinder having a crooked handle, which will 
lay hold on, and turn about the litnle arm D C, ſuch as is the 
Cylinder M. 

Note alſo, by how much lefler the proportion of the diame- 
ter of rhe little wheel D ſhall be to the arm A C, fo much lef(- 
{cr will the arches be thar are deſcribed by the motion of the 
pendulum A B. 

Fig. 147. In the ſecond place ler the pendulum A B be 
movadly fixt in A, in its lance faſten the arm M G, which may 
eafily run ſometimes into this, ſometimes into that part, and 
ſuſtain 1t parallel ro the horizon ; from the middle part of the 
fame arm M G ſtretch our wood or iron like a little fork, or 
wo teeth, made hollow, {ticking our as at L, which in its ca- 
vity or Cleft admits the pulley & F, immovable and in_an ob- 
l1que fite pur into the axis C D ; let this kind of axis be fur- 
niſkt with a toothed Cylinder, which wil be curn'd about by 

the 
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the wheel N, by means of the weight Þ being added to it, or 
by means of other wheels, as you pleaſe : The Engin being 


diſpoſed in this manner, while the axis I H is turn'd about of 


the lower wheel ; in like manner the middle axis C D is 


rurn'd about by the toothed Cylinder, and with it the little 


pulley E F, which ſince it obtains an oblique fite, ir cauſes the 
arm G M, into which it is pur to run to and fro, and moves 
the pendulum A B. 


Fig. 148. Thirdly, Suppoſe the pendulum D B, hanging 


from the arm A C, immovably fixt in C, and ler the lance of 


the pendulum be ftretchr our ſomewhat above the point A, 
trom whence 'tis ſuſpended, to wit, in D; then fit the axis 
E F, ſuſtain'd in the middle by the arm F, to which join the 
tw2thed Cylinder L, and ler this axis be ſtretched out through 
the hole of the arm F towards A. Laſtly, in the extream part 
Of it near A, let it be furniſhr with a concave Cylinder, and 
being cur oblique, ſo that the ſeEtion G D make an Ellipric fi- 
gure ; the Point A from whence the lance of the pendulum is 
ſuſpended, mutt be in the ſame horizontal right line with the 
axis E F, and with the arm AC; moreover 1t ought tro be 
preciſely in the centre of the fame ſeCtion G D, although 
becauſe of the cavity of the Cylinder the point of hanging re- 
mains free in-the air. 

Then while the roorhed Cylinder L is turn'd round together 
with the axis E F, the Cylinder D G 1s turn'd all under one, 
whoſe extream or end being an oblique Section, hitting againſt 
the lance of the Pendulum ir unites a motion like to the pre- 
cedent. 

Fig. 149. Fourthly, let the Pendulum be A B, whoſe axis 
A C carries with it two toorhed Cylinders D and E, which in 
like manner here and there, lay hold on the roothed wheel 
D E, but with interrupted teeth, ſo that while one Cylinder 
lays hold on the wheel on one part, the other Cylinder Iyes 
upon the oppoite part of the wheel which wants teeth, and 
therefore the whole wheel ought ro be divided into many rows 
of teeth in 2n odd number, and "tis convenient to make each 
raw. of three teeth, and berween one and the other row, a 
{pace of teeth left vacant, as much as is occupied by three 
teeth; ſo as often as the weight ſhall be hung to the lower 
wheel H K, this being rturn'd abour, will move the toothed 
Cylinder F, which being in the middle, will move the oe 
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Cid roothed wheel, which biting the roothed Cylinders D, E, 
one after another, ſomrimes on one, ſomrimes on the other 
oppoſit part, will move 1n like manner the pendulum A B a- 
ternately. 

And as in the foreſaid Engins, each vibration of the pendu- 
lum is made in a determined part of time ; to wit, in one ſecond 
minute, or in 20 third minute, ec. the proportion of the wheels 
and of their teeth muſt be obſerved, as in this laſt Engin, if we. 
would compoſe each vibration of the pendulum to an{wer one 
ſecond minute ; in the wheel D E, diſpoſe 25 rows of teeth 
with as many vacant ſpaces between, the Cylinder F muſt be 
furniſht with 8 teeth, the wheel H K muſt have 96 teeth, the 
Cylinder G likewiſe conſiſts of 8 teeth, beneath which will be 
another wheel of 96 teeth, to which hang a weight ; for in this 
manner 3600 compound vibrations will be made in each hour, 
each whereof will be equal to one ſecond minute; then make 
fir the weight hung to tne lowermoſt wheel, with the length 
and weight of the pendulum A B, in ſuch manner, that the 
lower wheel be once turn'd abour in an hour preciſely, for ſo 
it will come to-paſs that che Cylinder G will be rarned. 1 2 turns, 
and the Cylinder F, together with the wheel D E 144 turns, 
and at laſt the pendulum will finiſh 3600 compound vibra- 
HONS. 

Inſtead of the wheel DE of diſcontinued teeth, you may 
uſe a toothed wheel common to Clocks, if inſtead of the Cy- 
linder of teeth, laying. hold on it, you tfe two little handles, 
which by turns ſhall urge and move forward thoſe teeth of the 
wheel, by laying hold of them. | 

Inventions of this kind are excellent, not only in being ſer- 
viceable in continuing the motion oft the pendulum, bur alſo 
in making of Clocks moſt exact as is obvious to every confide- 
rate perſon ; which Engins or Clocks have this utility and con- 
veniency, that they ſcarce make any noiſe in their motion, 
lince the pendulum is inſtead of a Ballance, which in common. 
Clocks cannot agitate without noiſe. 


Problem 
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Book IX. 
Problem. XVII. 


To make a Clock to ſhew the hours on both ſides, after a new. 


method, which by a weight hung to either of its ſides pro- 
ſecutes its courſe, and the index of the Clock proceeds ſor- 
ward in both motions conſequently. | 


He Author before cited teaches this Artifce : See the laſt 
Figure of the preceeding Problem, where we have raughr 


the method of continuing the vibrations of a Pendulum ; for if 


you rightly underſtand the conſtruction of the Artifice of this 
Engin, *tis manifeſt from thence, that it, while the perpendicu- 
lar A B is agitated, the wheel K H ſuddenly changes its turn- 
ing ahout to the oppoſite part, that 1s, it begins to move to the 
right hand, when before it moved to the Jett hand, the moti- 
on nevertheleſs of the perpendicular will in no wiſe be hin- 
 dred; becauſe that in whatſoever place of its arch, the per- 
pendicular A B lays hold on unawares from its firſt acquired 
impetus, it will continue the fame vibration ; bur for the follow- 
ing vibration, it will have the favoring impullc to it ſelf, for as 


much as the' parity of the reſt is the motion inſtituted by the: 


wheels in this, or that part. 

The ſame may be obtained other ways, as 1s explained in the 
foregoing Problem, bur chiefly by the Figures 146 and 148, but 
yer ccaher by application of a Pendulum, which we have taught ar 
Problem 5 ; -it only remains then that an index be applied fo, 
that although the turning of the wheels be made on the Oppolit 
part, yer it always proceeds forward in the fame parrt. | 

Fig: 150, Let the axis A B be continually movable toge- 
ther, with the roothed Tympane B,: firmly adhearing to the ax- 
is, which forces the wheels of the Clock on borh ſides to this, 
or that part. 


In the firſt place, fix on the ſame axis, two wheels with fin-. 


Zers, Or Claws, within which {mooth holes being bored in the- 
centre, and the axis being ſmooth will move freely ; moreover 
pat upon the axis two other Cylindrizs G H, and I K, with 
{iw-like recth or Jags, each whereof muſt be firmly put into 
the axis, and rurnable together with it, the 1ags of thele wheels 
bend to the oppolit parts, and are ſtifned in the oppotit parts by 
wedges,or liule peſties C G, E1, each of which 1s furniſhe with 
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4. littte. preſſing wing 1n preſſing its power, that the pins, berd- 
ing forward .to-the Jags, . admit the motion without muclz-fre--; 
fiſtarice, and- theſe. pihs. are; conveyed by the finger'd wheels 
CD, and' E F, to which are fixt fmooth little pins holding 
them ar liberty ; laſtly, to the-two finger'd wheels, there mult 
be added; a third 'C E-movable with the axis L M, and its-fin- 
gers;folding:in both the fingers;of, the wheels C-D;and FE F,lit- 
may: be expedient, that. the': wheel CE reterrs to another fice, 


to Wit, Vertical, ( if neceſlityrequire it ). the circle of the-wheel 


being put-in points deſtgned.' - 


I 


Therefore the Tympane B with the axis and jag wheels G 
H, I K fixt in it, are turn'd in either part, for preſently either 
of the jag wheels will be bound by its bar or pin, and render 
its finger as it- were; continual, - which with: the-gyis leads it 
with it ſelf, and the wheel C E together ; and becauſe this in- 
folds its fingers with the other wheels, it impells it-bat-in the;op-+ 
poſit part,in which its bar or peſtle hinders not, in as much as the 
oppolit Jags, holding the former and admitting-the motion on 
that part; now it the Tympane B change. its. turning to the 
oppoſir, then that which was firſt hindred by the-peſtle or: bar. 
will be looſed, but that which was looſe lays hold: on-his;1ag- 
ged wheel, which then firſt begins to move in. the” fame ., parc, : 
in which his finger'd wheel moved before, -and- fince'. the. tin- 


ger'd motion is the ſame now as before, becauſe continued in 


the ſame part, therefore the motion will be continued, and the 
half of.che.Fingers C E,;, ro which therefore an hour index be- 
ing fitted, will always moye forward into the ſame.part Whi-. 
therfoever the. Tympane B with, the whole Dial is carried... 
. Note, Firſt, That the wheel CE. advancing always inthis or 
that part, depends on. the jaggs or faw-like teeth, reciprocally 
inclining, and turning towards, this; or, that -part, whence. 1f 
the fite of both of them be. changed-by inverting. both. the: Jag 
wheels, and the other face being applyed to its tinger'd., wheel , 


on O 


part in. which it was firſt, impelled þ 
PF, both thoſe id. ah will be moved, 


F 


(the P {tles.ox, bars of the Jags., being. alſo. changed ) the moti-.- 
the wheel CE will be likewiſe: changed. | _... 7: ka 
Secondly, if the wheel C E be led about by the hand in that 


the fingers C D, and E. 
ut the axis with the ſaw- 


like tecth wheel, reſteth by force of this ConſtruRton if nv - 
thing. elſe hinders, and may in'the. interim be rurncd in this or 
that part, .while *tis not moved ſooner than the axis LM. 


hE þ 


Thirdy, 
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Thirdly, but if you will lead:about the wheel'C E by the hand 
in the-oppoſite: part, and:not in it which it was decreed to move; 
no motion at all will follow, but-the whole ſyſtem will be firm. 
and will ſtick, ſo-that'the refiſtance-of the hand.detaining the 
wheel: exceedeth, 'iis neceſlary to. apply a proportionate pow- 
er to the tympane-B on each parr of it,, which is no leſs a Pa- 
radox: than the former ;' this conſtruEtion extends it ſelf ro.ma-- 
ny other Probleins-of motion, as the deducing the librating mo-. 
tion into Circular; to the recalling whatſoever irregular motion: 
t0.4. well. order'd. Circular, &c..as-will-appear in what follows. 


Problem... XVII. 
; oÞ::. The -Fiydraulic Clock of Father Bertinus:. 


His kind' of Clock is indeed' very: ingenious, and the- in-- 
: vention of Father. Bertinus, and afterwards: increaſt. and: 
enlarged. in. many things by. Father Eſchinardus, of whoſe work: 
alſo 1 have often obſerved not: without great pleafure of mind, 
the: like Engin made-in the Rowan College, which performed 
the effe&t beſFof-any :: Therefore leſt our ' work. ſhould wanr- 
ſomewhat of thoſe things which {cent moſt of Ingenuity, we 
bave tranſlated: this. from Bettings.. L 


The outward Artifice of the Four Tympane. 


Fig.. ts r.* You ſee 'the expreſs form: of the Tympane-con-- 
veyed from the axis through the centre, whoſe apparent Pole- 
is H, and the othet-pole not: apparent, .and: of the chord F-K L 
M N P,. whoſe-rwo:ends are fixt'in I, and the little pulley K 
(-if you: pleaſe of Braſs) with a' ſmall weight ſtretching our the- 
rope lightly; that beyond' L it adheres about. the occult. pole':. 
But: the: great. weight under- the pulley N-while the rope en--: 
deavours'to draw the Chafed axis, and as it were toothed, at- 
rerwards: moves. the Tympane together with the Tympane and. 
the number 4 aſcends, and after the Tympane movable pieces. 
exher of wood:or iron toothed, whole form and art we will 
ſhew: hereafter, .and fome ſuch you fre Q;, R, while they hit 
againſt rhe -movable' and. changing plare of. metral.S, 1t con- 
nets. the handles TV X, being drawn together they raiſe the 
hule hammer on the {ide of. the "little Bell Y ro ſtrike the 
BULLS. 
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| The/art'of 'changing the numbers in the hole, where 4, as 
it were, lies hid'under the' circular plane; as alſo the art of ſer- 
ting ar/liberty the reeth under the plane of the oppoſite Tym- 
pane, we Will ſhew hereafter. ' | 


T3 URI <© 535 Seb. JI: OE TIE 
The inward 'artifice of the Tympane. 


Fig:  NNe of the circular planes being drawn aſide the Tym- 
152+ pane/-immediately ſhuts, and that on the: other part 6- 
pens;as you ſee in.the hgure annext; behold:there appearsto'you 
the ſuperficies of rwo concentric cylinders ABC, DEF with- 
in the Tympane, within the' Concave of the leſſer the ſtays or 
props:are G, H; in whoſe holes the axis of the Tympane is pur, 
within the convex of the lefler, and the concave I the grea- 
ter is-the plane K, which is join'd to the cylindric ſuperficies, 
and to the circular planes ſhutting the Tympane ; through the 
little hole I of the Cnal plane I K paſſes 'water to 'run, when 
the Engin is moved by force -of the weight, and deſcending in 
C, the water is preſt by the plane KI. 

' Therefore while the rope about the little toothed wheel, af- 
rer H by the force of the weight weighing down to the parts 
beholding the left hand as F E, thruſt through G, H turns the 
axis togerher with the Engin, and the plane K I deſcends and 


his againſt the water, and preſſes it towards'the parts behold- 
ing the right hand as MA ; ! ih the' mean-while the water 


trickles' down” through the hole, 'and by little and. lictle the 


payer K1 inietceprs the' middle between the water, until- the 
'Witertunning berween- more 'and more through the hole ', 


and the plane K I aſcending to the parts towards A D ( or be- 


holding the right hand) moſt part of the water which flows 
"beneath! the plane increaſes the force' of the weight hanging a- 
 dourthe axis H, and 'cauſeth the plane K 1 which now iis idle 
1a the parts A D with alittle water ( which ic-hath? rior 'as- yet 
"deeply flowing above itſelf) at lengrh *ris turn'd by. A D'with 


a {wifter motion towards C ( or to the parts beholding the left 
hand ) and from thence it deſcends again and the water preſ- 


eth, which again flows through the hole, e&c. and ſo-perperu- 


ally by curns the Engin is turned; the Orb compleating a rotation 
once 1n each hour. - COIs. 
; Ff 2 The 
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The art.is, that the dropping;of the Water: CoDtinpe, an, whole 
hour, whiles that after. a' ſlow; and; inſenſible motion. 'of. the En- 
gin for an hour; ; unexpeRcdly the- Engin. turns, ,in,the. begin- 
ning of the dropping.; in which - reyolution,the hour. is ſtruck 
on the back part of the Tympane, but in the forepart the note 
ar figure ſhewing the hour:9n the-dal plate 1s changed. 


CIT Re bf Ay I Sebi Ll. Y. 1/45 Þ Ys 
An eaſy: and moſt ingenious Art, whereby the number-of hours 
' *are always: wary rl and alſo the: hours are ſtruck. in -the 

tout the- artifice of other vulgar movers. 


WS @ & | 64 bj 
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Fig. HE. inventjon: of: which, ſtriking.,and' changing::you 


” 


153+: 4+ + ſhall haye, here: in';a-douyble figure :i-; And firſt; thar 


which belongs to the !changing. of. the numbers ſhewing ,rhe 


hours ;: ſuppoſe on:the fore. part: of the ſhur Tympane, the. plane. 
ANT Ee 


to be drawn afide. with the inclofed little boards.: 


A -NQ ON: 
- The gntward form of the art;you have inthe ſeperate H, andar; 


. boards 7,48: fig: chemiclygsitgi:the; hide NL LL; and, 6,, 5,; to the. 


_ Thecircle;AB:C/D. expoſes tothe ey6 that: plane on the.fore- 


part, to-which is affixt-in E and F the; Hexagon plane, leſlened: 
in on fide PQ a half part of. one-of. the other f1des-; and; thar. 
Exagohn, is the exCcentricC to;the circle A B C D, having a. hole G 
common with the circle: (- which..is. the centre of the, circle. ;) 


in which the, axis of the Tympane is conveyed through. The- 


hole.undex: A is that, under which the number. of. the, hour 


Indexes appear on_the, other; yazr.jin..the. ligle boards,. which - 


muſt be;noted- in the. hinder, part. of the little boards, but cin- 
the figure for plainneſs they are mored, in,the fage;appazens; tp 


the! eye; ;, you;lee thoſe little boards Joinky, 10,litle than plates - 
of 'mettat, with cotners, the ends - whexeof, are movadle- abut - 


the:fixt.litcle pins.within the. litzle boards... ; je ets force 


«7 


_ 


Tandzk;! imagine. then the littletþpard.H. co,het in-his place; be- 
wean, 2&7 ſtand; upgn tbe de P,Q,; wirich: 3s.0nly-fic to . 
Tecjvecreditye;boardauthe; otþer-fidgs; being Jarge, enough for. 
:!tWp4 128 YoP tiee.gn the. Figures, then-avbile.,H.herween - IK, 


thews the:number (which you-an alt-conceiye on the other part ) 
. of. che:firſt hoyr:through the;hole A, and; the circle 'AB CD is. 


turned. with: the Tympane lpwly,lup {s rowaxds A, the little 


fde.L.R, 4, 3, to the fide R Q, and by reaſpn'of the obliqui- 
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ty; the little board®H: being removed from the: fide P Q;, in its. 
Iace ſucceeds 2, and ſhews3t ſelf under a form. Moreover:-H 
and. 12:fir themſelves to the ſide P N, 11 and 10, to the fide- 
M:N.;. 9-and 8, hang down beneath L M, and 8 ſucceeds in 
the place of the middle 7 hanging down, ec. and three always- 
hang down without, and beneath .one ſide as you ſee. 6, 7, 8, 
beneath M L ; and by this ingenious, eaſy, ſimple, and: won- 
derful art the little boards change by turns, and one affer ano- 
ther they ſhew the hours, the number of. hours being inſcribed. 

under an open bright.hole.. ” FOR 
Fg... 154: But that. which betongs to the. ſtriking;; of: che. 
jours is-thus;;;{uppoſe on the back; part.of-the ſhyr .Tympane, 
the;plane being;drawn aſide. with ;the. incloſed. roothed little 
boards; that-plane on the inner part expoſed to the eye is repre- 
ſenred- by the circle ST, to. which is aftixt in V X a pentagq- 
nal.plane excentric. in the circle $ T, having a common ſquare 
hole ( which is.the centre of the.circle ) in which the. axis of 
the Tympane is put through ;.. there are 6 little boards quadran. 
gular -with teeth ( according tothe number of: hours to be 
{truck ). having. baſes ſomewhat leſs than the ſides of the Penta- 
gon, and'they are made faſt bythe corners with thin-plates of 
mettal movable abour'the ends as you lee in the Figure, and as is 
done in the little boards of. the. hour indices in the. antecedent. 
circle. . | | 
Thar you- may underſtand ithe form and art the better, you : 
have ſer a part Z, ſuppofe the thin plate ( by whoſe impulſe 
the lictle hammer is led to. ſtrike the hours: ) to bein , and rhe 
circle in the Tympane to he turn'd from S: towards @ T, the lit- 
lit-board'B with 6 reeth or claws ſtriking againſt 'in a, ſounds . 
[ix tinklings on the bell for the hoars, and. preſently falls down 
beneath 2; then.B being oblique to the parts T, the little board 
.d;firs it ſelf, rq, the fide. e,. and, f0..of the. reſt .in the, Orb, as. is. 
{aid before, of the; little boards of the hour. Indexes. .... 7," 
_. And, it .muſt, be . noted: and: effected, that the little boards : 
with-reerh'of the. circle. S:T,.;{o. agree with the little. boards of 
the.Circle B D of the antecedent. figure, that . they. ſtrike .cthe 
hour, . which is: preſently ſhown under the hole, the. number . 
of the :lictle board in the circle B D being changed. | 


Alſo you muſt rake. care that/the hour plate inſcribed in the - 
firſt Figure, Se#ion: the Firſt, be diametrically oppoſit.. to the 
Plane'K I of the figure in Sector the ſecond, through ' the. hole | 
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of whoſe plane th2 water trickles down ; and let the ſarne hour 
plate be oppoſite to the little roothed board ſtriking the hour 
( not ſhew'd in the plate ) of the next following number, ſa 
that when the ſhining hour eye is below the Horizon of the 
.hours Diametrically @ppoſit to rhe little Bell, and in that eye 
they number ef the hour is changed, in the ſame moment the 
.toothed little board ſtrikes the hour, which being changed the 
-hour immediately appears above the Horizon. - - LSD hee 
About thehsle 1, in rhe plane KT, through which the wa- 
ter flows on both parts above and beneath the plane K I, in 
the back convex of the Engin 2re two broad holes; through 
which the water is poured into - the ' Tympane, and: wheti 
need requires is prefently #t raken our, and- through the ſame 
holes appears the leſſer hole I, in the plane K T; that it may be 
Jookt after if any thing hinders the running vf the water throigh 
that little hele, and thoſe two greater holes on the back part 
of the Tympame, may cafily be ſhut and open'd by two braſs 
thin plates athxt wich wax, or other fit glue. | I 
'- And becauſe in the beginning-of the hours the Tympane is 
turned flower, afterwards always ſwifter, becauſe of a leſſer re- 
fiſtance'af Water, therefore in one of the circular planes ſhut- 
ting the Tympane is put a thin plate of lead in manneri6t an 
hook, decreaſing by little and little; &c. Te ENS 


 Seft, IV. 


0lſervations of Pather Eicliinard, to'be praftiſed "in making 
* the foreſaid Engin. : ph T k o- 4X REC 513119 


2-2: Z 


FTHis Author fearned in Experiments adviſes in the firſt place, 
4A that the Tympane be divided in four equal parts by Pa- 
rallelograms of chin Frogs: of mettal, one whereof otight to:be 
boared through witli a fmall hole, as is ſaid; but' exch-of the 
zeſt are tobe boared . with a double hole .much grearer; one 
near the faſcia, the other near the inward” axis of the'Tym- 
Pane ; for hence it will come co paſs, thar after rhe water 
hath paſt through by the ſmall hole in an hours time, then 
having obtain'd a freer paſlage, . it permits the veſlel. ro be 
turn'd'about with a ſwifter motion, that in the interitt the 
Hour may be'ſhown by a 'fign of the little Bell, or the next 
cllapſt; or the next ro come ; for unleſs the other thin plares 
Ws; | are 


Tyripane i 
of aldſer re- 
Planes ſhy; 


manger 0f 2 


| ix mdlin 


Book IX. Mechanick Powers. 22% 


are made with: greater holes, the Fympane will rather return 
than run forward ; wherefore likewiſe an inſtrument may be 
made divers ways for ſtriking the bell, ro wit, by making it ſo- 
that thoſe points take up fomewhat in their ſwifter motion at 
r1er the manner of a Leaver, as. is wont to be- done- in large 
Clocks with wheels, one end of which Leaver while it falls 
down draws the thred to: it felf, and raifes the hammer ; alſo. 
fharp points fixt to phe tables may be fo faſtned ro the hinder 
ſuperhcies of the tables, that they may directly behold. the- 
Tympane, as alſo the centre of the Pentagon may be other- 
wiſe taken, &c. Wen 

Secondly, The iron plates being waſht over with tin, corrnpr 
preſently, unleſs it be fenced by ſome Sandarac, or varniſh, fit 
for the bufineſs ; Copper cover'd over with tin, or tin only of 
it ſelf, ſo that it be very thin, is beſt of all. 

Thirdly, Beware leſt the place of the ſmall hole be fo, thar 
after ſome time: the magnitude of the hole be changed. 

Fourthly, The Tympane muſt be £ of one Palm at leaff, 
both in length and breadth, for if it be lefs it will not ſucceed 
fo. well. | | x 
. Fiftbly, The moſt fit water he takes to- be rain water diſtil'd, 
but if the veſſel be made of glaſs, hot water will be better ; 
and the quantity of water ought not to fill much leſs than half 
the Tympane, bur eſpecrally it ought not to come to the inner 
axis, wherefore that axis will be the better, if it be made as 
fmall as. poſſible ;. the other things to be compared with one a- 
nother are, the littleneſs of the hole, the quantity” of water, 
andthe force of weight ; but chiefly you ought to: take care 
leſt that hole be ſtopr, which ought to. be at leaſt as big as 
one arch. | | 
_ Sixthly, He-denies that the thing may be done with -Quick- 
filver inſtead of water, both becauſe it requires a greater hole 
to flow out at, and therefore alſo-a greater Tympane, as alſo 


becauſe it will paſs out moſt heavily ; laſtly, becauſe all mettal 
© Eorrodes, and therefore the Tympane ought to. be glaſs, which 


will be difficult ro be made: Alſo he denies duſt, or ſand, to 
be fir for that ſervice, fince it ought to paſs through a ſmall 
hole by being compreſt in the middle, which is done by thoſe: 
thin plates of mettal, which. cannot be obtain'd by duſt : He 
concludes, if any Liquor be found in which heat and cold doth 


not govern, that is moſt fit, {0. it doth not corrupt the matter of 
the Tympane., | OCVene. 
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. Seventhly, He aſſerts another. ſuch hke Engin of-his own com- 
poſing, wherein he hath made a perfect Hexagon in the.axis 
for -the Pentagon, and about-ir ſcven Tables. are, gathered- ro- 
gether in the ſame manner as above, every one of -which bears 
before it one of the ſeven Planets deſcrib:d with its proper 
Character. Laſtly, in the foremoſt face appears a circular thin 
plate of mettal,. but thar for one- circular hole it: hath fix, each 
being deſcribed upon with ſome .cceleſtial Sign, beginning, 
viz. from. Aries; then while the, axis 1s turn'd abour the 
Planets are moved to the Weſt, but fo, that in every cir- 
. camvolution they go back to another Sign placed after it in 
due order. : - | SEALS 
Eighthly, He. teaches in what manner one Tympane, ſo ir be 
large, may ſuffice for ſtriking -the quarters of huurs ; ſays he, 
make a Veſlel, which divide in 4 parts.-by 4. thin plates, and 
then divide it again, but in a contrary manner, that 1s, let it 
be cut by the plates in the Section which makes a circle, and 
take:away, as it were, + part of the veſlel, whence there will 
be, as it were, two Veſlels in the manner of one, then either of. 
theſe will be divided 'in' 4. parts ; the plates which divide the 
leller Veſlel ought all-to be double in a,place, ro wit, nigh" the 
faſcia, and nigh the axis, ro be opened with large holes, and 
'the plates -of the greater veſſel are boared - double in a place, 
bur with an unlike hole, tro wit, one nigh the Faſcia very 
{mall, and the other the axis much greater ;;. for this is necef- 
ary ro communicate the air to every part cf the Velk1; other- 
wiſe the water will not paſs freely through the ſmall hole ; 
Jaſtly, put the water in fo to the Jefler vellel thor it may almoſt 
rouch the axis, bur in the greater veſlel as lictle as may ; be for 
hence it comes to paſs, that when all the water in the grea- 
ter .Veſlel .ſhall paſs through the firſt ſmall hole, before thar 
( {ince”ris bur little?) the impediment of the ſecond thin plates 
hinders, in*he mean while the Clock will be moved: ſwifter, 
bur” becauſe -this' way "ir rather returns: than goes forward, 
therefore 'ris reſtrained by the water put in the leſſer Veſtel,” 
which in the” interim” paſſes through the great hole ; then 
while the Clock in this manner is moved, after every. quar-, 
rer of an hoyr It ſtrikes on, the little Bells the number of quar-: 


rers elapſt, * * Sep WES. ; 
Note this ohe thing diligently, viz. leſt that ſlow. motion be' 
c90 ſhort, as.not tro ſuffice tor the ſtriking of the Bells as often 
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as is required ; alſo note, that hence it neceſlarily happens, 
that the outer face of the Clock is a little changed ; for other: 
wiſe it will-follow, that in the middle of the ſecond hour, the 
number of the hour appears not longer, which evil.we may ea- 
ure many Ways. 
ws he nh 05 that this ſecond diviſion of the Tympane 
may alſo diſtinguiſh the Tympane for ſo many hours, for hence, 
ſays he, proceeds great benefit, for you may as you pleaſe make 
the motion more or leſs ſlower for ſtriking the bell,viz. if you pur 
more or leſs water into the leſſer vellel, although you leave 
the greater veſſel untoucht ; bur in this caſe *tis ſufficient, if 
the greater veſſel only be divided with ſo many thin plates ; 
for the other plates are put only ro reſtrain the too ſlow mo- 
tion, as 1s ſaid before. 

Ninthly, Becauſe thoſe things which are ſaid ſeem not fit to 
the ſtriking of greaier Bells, three veſſels are to be made in 
this manner : Two of them muſt be divided into 4. parts in the 
main, as is faid of the leſſer veſſel for the quarter hours, the 
third muſt be alſo divided into 4. parts, but the ſame altoge- 
ther after the manner of the greater veſlcl for the quatters ; 
the water 1n the firſt two veſlels is put in as you pleaſe, brr 
the ſame mult be obſerved as in the lefler veflel for the Quar- 
ters; and in the third you muſt obſerve that which we have 
ſaid of the greater veſlel for the quarters : But now if to the 
end of every quarter the third veſſel {as is uſual in great clocks) 
life up ſomewhat, ſo rhat ir being raiſed a free courſe is per- 
mitted to the other veſlels, tro wit, to one of thoſe in the end 
of the hour for ſtriking the hours, and the other to every 
quarter for ſtriking the quarters, the thing will be accom- 
pliſht. 

Tenthly, The foreſaid Clock hath this peculiar, that it makes 
no noife, nor the motion of the Ballance, nor the Wheels di- 
ſturbs nor noCturnal reſt: Notwithſtanding if you would make 
uſe of it ro rouze you from ſleep ar an appointed time, you 
may eaſily do it, by taking all the teeth from the Tables, ex- 
cept one of them, which you muſt fix in ſuch place and or- 
der, that after the prefixt number of hours it may ſtrike on 
tne bell, or make ſome other noiſe, as is wont in excited 
Clocks, of which we ſhall ſpeak hereafter : There are alſo o- 
ther ways more calier, as if you uſe to it the percuſhon of a 
weight, whereby one part of the equilibrated table depretles a * 
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Cliggut, ſomething ſallying out into the room, and you may 
encreaſe or diminiſh the percuflion of the weight, by making 
a greater or lefler hole in the other rhree plates, which have 
large holes for the ſwifter motion, &c. But it you add one 
wheel, you will. find ſeveral eaſy ways. 


The Author concludes, that hence all thoſe Engins may be 
ſupplied by a ſhort Compendium, which are not wrought bnt: 


by many Wheels, eſpecially in thoſe which want temperate 
motion. 


Moreover he adds many other things to equip this Engin, 


and, Firſt, he ſays, the veſſel may be ſo accommodated in the 


outmoſt part, that at whar time the Clock 1s moved ſwiftly, 


whether before or after the Strokes on the bell, little boards. 


being placed, or ſuch like, as is wont in Hydraulic Organs, it 


will utter a confort of muſick, either in ſome Cimbal, or on 


lictle Bells harmonically difpoſed. 

Secondly, If the Clock be hung after the uſual manner to a 
wall, and to its ſide, ſome plane table be made faſt ro the wal 
through the length, that it be parallel to the horizon, upon 
that rable may be placed the Sun in its courſe, a hidden ſtring 
being drawn which tends. rightly to the Clock, which may 
be drawn by the veflel in its circulation ; and on the wall 
you may diſpoſe in right order ( in the way through which 


the Sun runs its courſe ) the heavenly houſes, whence each 


hour, a little Image poetically adorn'd appears, which ſhews 
the hour on the right hand next clapſt of the. Sun, and.on the 
left hand it leads ſome of. the heavenly Signs, or ſome ſign of 
the Zoliack addifted to that houſe, &c. thus thoſe little Ima- 
ges Will appear every one to his time ; put croſs-in the way 


by which the Sun paſſes, ſome little board, ſo that when the- 


courſe of the Sun being moved: by the ſwift motion of the 


Clock, being carried in its courſe, ir hits againſt one end of 
the little board ; which if the little board be placed in man-- 
ner of a leaver, it may ſo be accommodated that. while one - 
of its ends is drawn, by the ſervice of the other end with ſome - 
ſtring added to it, the little image is brought forth to the Sun, 


and there left. 


Thirdly, Beſides that heavenl; motion, that. number which 
ſhews the hour next elapſt may be ſo accommodated, that the 
{ame lite and face may ſerve, as well in its Apogeon, as in its 


afcent and. defcent, ro wit, if there be put to the little plate 
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on one of its parts ſome tin, a little heavier, being ſo affixt to each 
table, that ir may moſt eaſily be turned about its centre. 

Fourthly, Almoſt in the fame manner, in thar circular ſuper- 
ficies whoſe half part always appears divers ſmall Images may be 
afhxt, ſo that they always remain arighr, by means of Tin, or 
ſome other heavy thing added to their feet, and in going for- 
ward they may ſhew the quarter hours, ec. 

Hitherto we have added no Wheel, bur if we add one or 
wo, you will attain many fine effefts. Firſt, a toothed wheel 
may be ſo placed on the veſſel, that its axis may fall right on 
it, and on the extream circumference of the veflel many iron 
ſtiles may be pur, which while the veflel is turn'd about they 
move the overthwart wheel placed above, by hitting againſt 
its teeth, moreover you may Conſtitute a Load-ſtone on part 
of the wheel placed above ; now if you faſten an Image with 
a wyre, With an iron ſtile in it hands, according to the motion 
of the Load-ſtone, it will ſhew the hour, ec. 


—— — 


Problem. XTIX. 


To make the Indexes of Clocks, ſo that they ſhall deſcribe 
not only Circular, but any other Figures by their motion. 


T* any one would adorn the Index of a Clock with the 
Arms of ſome Prince, or City, to diſpoſe it in the form of 
a ſhield, of a heart, of a croſs, ec. fo that the ſame being artifi- 
cially made, or a ſmall image, or any other ſign performing 
the ofhice of an Index, the numbers of rhe hours being in- 
ſcribed on the parts of its figure, in whatſyvever order they 
are diſpoſed in, it will ſhew ſucceſſively ; or that an Eagle 
with its bill, or a Lion with its tongue, &c. There ate divers 
Artificers in Father Schottus Technica, Bock 9. Chap. 5. the moſt 
uſeful whereof we will here imparr. 
Fig. 155. To deſcribe the moſt difficult figures of moving 
Indexes aflume the artifice of a Parallelogram made in this man- 
ner: Firſt, of ſolid matter, viz. of iron make four rules A H, 
AK,KL, HM, which in the points A, H, C, K, fo join with 
Curious {mall pins, that the ſquare may freely be ſtretched 
wider, or contratted narrower ; then to thoſe portions or 
parts ſtanding out on each ſide C L, C M, join by the fame ar- 
Gg 2 LHiice 
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tifice as many more rules, bur ſhorter, and if you will, decrea- 
ſing in the ſame proportion, and in the conneCting or joyning 
points, freely turning. | 

Secendly, On that face of the Index that lies hid towards the 
Clock, conceive a hidden. toothed wheel CDEFGB, to wir, 
{o as thoſe Indexes that are wont commonly to. turn once in 12 
Or 24 hours, in this being made hollow, or any other way 
fitted, underſtand a little Channel A C, ſo that within it a 
little nail, or pin C, may be pur ſticking out from. the Paralle- 
logram towards the Wheel, and may run-to and again, this way 
ard that way, without reſiſtance. 

Thirdly, Fix a ſmall pin A in the Center of the toothed 
Wheel, and then between it and the other little pin C, which 
ought to run in the little channel or groove, a Spring, or ſome 
impulſing Spire, being put between by a Wyer of a competent 
thickneſs in the manner of a wreathed Cylinder {crew, draw- 
ing aſide as much as-is requiſit the little pin- C, from the other 


fixr pin A ; which Spire perhaps may more Conventently be. 


made of a Serpentine plare drawn and bowed. 

Fourthly, Propoſe now- any figure: which you would have 
the hour index deſcribe with its point ; ſuppoſe a Hexagon, 
or figure .of ſix ſides ; Cur then-in- the plane of the.Index a ſix 
ſided ' hole CDEF GB, whole Center is A. 


Fifthly, Upon the whole Parallelogram, and the hole that is. 


cut, place ſome figure, as of an Eagle, or a Dragon, e*«. ſo 
that its neck touch the texture of the Parallelogram and hide 
ir, and the other part of the body be fpread over tv the hole 
that is.cut ; Moreover that Parallelogram being wove in the 
neck of the figure by more of the ſame Rules placed between, 


in the likeneſs of a net, and move artificially after the manner 


of feathers, or the Scales of a fiſh, &c. 


The hour Wheel then inrtercepring the pin C in 1ts groove, 


Carrics ita long with ir; and this from the drawing prelling 
piate placed berween A C, and-the cut. Sexangular hole, or 
included between other limits, will caufe the Eagle, having a 
crown,crols or ſtar on its head, or a Dragon with his tongue or 


{ting, to deſcribe the ſame figure, and to ſhew the hours de-- 


{cribed' in its limb. | 

In the deſcribing. of other figures, as of a heart, a. roſe, a 
ſhicld, &c. the Induſtrious will find it ealy; another motion: 
may eaſily be given over and abvve, to. a Lyon, an Eagle, or a. 


Dragon,, 
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Dragon, &«c. that this ſpread his Til, that tos its Spires, tlie 
other open its wings, ©. and that exther by the {ame artilice, 
or otherwile. 
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Prcblem. XX. 
To perform the ſame more Compendiouſly. 


Lthough the foref{aid Artifice 1s univerfal, and exterds it 
A ſelf ro many figures, yet this preſent Propolition may be 
reduced ro praCtice, with leſs charge and trouble, efpecially 
to the eaſier; as Fllipſes and Polygons, and morcover may be 
applied to other Paradoxical affections. | 

Fig. 156. Let ABC be a rod. of mettal; having a round 
hole in A, but in C where it bends, it ends.in-a little ring, or 
other erect hole C E, through which palles another rod DEF, 
which bending in the like little ring. F B, and in Iike man- 
ner made faſt to the former rad, and cloſe or touch each other 
{o lightly, that they are carried on one within the other to 
and. tro freely ; in the end D is made an arrow, a. little Star, 
or other ſuch like ſhewing Apex. | 

Secondly, Underſtand in that plane in which the number of 
hours are inſcribed ſome figure, viz. a Square to- be deſcribed 
GHIK, and nigh to its deſignation cut a channel or groove of 
any depth, and its breadth, ſo that ſtanding out from the little 
ring 1t may receive the point B, that it may run freely: in its. 
Channel. | | | 

Being placed then, and fixt to the hole A in the Centre of 
the quadrate, and to the ſtyle B in the ſame cavity; if this 
whole joining together of the Index in the point A be turn'd.: 
about by the Axis of ſome Wheel, or led: abour circularly any 
other way, the end D muſt needs deſcribe a Square figure, or 
another after the ſame manner, as is the Channel-in which the: 
ſtyle B is led abour. 

Note, Firſt, the ſame Inſtrument may be more ingeniouſly 
made of two rules, in one of which a liule channel. is drawn 
out. in length, and the curſor runs to and fro in the other by 
turns ; bur the Artifice may be ſo cover'd, thar the contrattion. 
and diſtenſton of the rules cannot eaſily be nored,- in producing. 
the rule DEF beyond the centre A,, &c. Secondly, If berween 


the- 
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the rings E and F you put a wire, or a divided plate of mettal, 
it will not be neceſſary ro hollow it in the plane, but only cur ir 
out from the thicker plane being laid upon the other, or by 
the rules that frame the Poligon. 

It you atfe&t Paradoxes, hence you may eaſily deduce, Firſt, 
that by the: continual drawing and revolution of one and the 
ſame common compals, you may deſcribe a triangle quadrate, 
ec. for if one foot of the Compaſs be fixt in the hole A, and 
and the other firmly lay hold on the Sryle E ſticking our, and 
being led about by the compaſs, the ſtyle will deſcribe ſuch a- 
nother Figure D, and was the little hollowed Channel, or ano- 
ther ſuppoſed plane terminated by acerrtain figure. 

Secondly, If you would deſcribe a circle by the fame openirg 
of the compaſles, and nor from the Centre of the Circle, you 
may do it almoſt in the ſame manner, which doth not require 
that the point A with the foot of the Compals be in che mid- 
dle of the figure, as is manifeſt. 

Thirdly, you will increaſe the admiration, if you add the 
deſcribing a Triangle, a Square, an Ellipſes, &c. greater or 
lefſer, with one opening of the Compaſles, and you may effect 
it thus; Produce the length D E F towards A, and let the little 
ring or Curſor B F, have a ſcrew, or turning joint in F, that 
the compaſles remaining at the ſame diſtance, and' only the 
relique DEF being drawn from, or intruded from all the reſt, 
and the foreſaid turning joint may be faſtned in F: More may 


be added by the Ingenious. 


wc 


— 


Problem. XXT. 


To make and incite a Chronometric Index to an Elliptic 
figure, by a certain and peculiar method. | 


.- A Lrthough both the foreſaid Artifices ſerves to deſcribe 

. Ellipſes, yer the Author adds another, raken from a pe- 
culiar Geometrical Inſtrument of Guzde-vbaldus, or rather de- 
duced from' the ſame foundation. 


Fig. 157. Three planes, or thin plates, are to be conceived, 
the firſt is of an indefinite figure, which is deſcribed by the 
"Elliptic Index ABC D, this is boared through in the middle 
in the round hole HE FG, and moreover cut in with four llits 
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at right angles which are IE, KF, LG, MH, and Join'd ro- 
gether with a round hole, the length of the lits is as much as 
the Semidiameter of the hole. | 

The other Plate ÞP L is circular, which hath on that parc ſome 
Index which is laid open to the view of Spectators, being pur 
upon the former ſlits, and therefore touches the foreſaid hole 
of the former plate. 

The third. plane of the orb is IK L M, touching the fame 
hole on the other part of the middle, and of the flits of the 
plate, and this therefore lies hid all within ; its Centre is the 
ſame with the Centre of the round hole, and it hath Glued or 
Soldred to it, two Segments above and below the Centre, be- 
ing cut through by. a circle on its Periphery, that perfectly fills. 
the ſides of. the hole, and razes while they. turn within the 
hollow of it ; the thickneſs of theſe Segments is the fame asthe 
ſlits of the plate, with which they are therefore equal and alike. 

The conſpicuous Orb P L hath its Centre in thar point, 
which is poſited in the Periphery of the Segment H E, Glued to 
the hidden orb MIK L ; Inthis point a hole is made through each 
orb, to wit,the conſpicuous P L, and the occult M IK Lito which 
hole afterwards a ſmooth little pin is put,to Join each orb freely. 

In the conſpicuous orb P L on one face which beholds the 
middle, or ſlit plate, are fixt two little round nails I and N, 
of the ſame thickneſs as the breadth of the ſlits, within which 
they ought to run to and fro moſt freely ; the length or height 
of the little nails or pins is the ſame as the thickneſs of the llits, 
and the plates, or ſomewhat lefler, leſt thy touch the occult orb 
through thoſe ſlits, and raze it in the motion ; they are diſtant 
from each other the inrerval I N, equal to the diameter of the 
hole. ; | 
In the inner and occult orb make the hole. R ſomewhere, 
into which enter ſome little nail ſticking out for that end in the 
diurnal Wheel of the Clock; whether it be turn'd -once in iz 
or 24 hours, the Centre of which Wheel ought exaCtly ro an- 
{wer to the centre N of the hole HE F G,and alſo of the occult 
orb IKLM; the diſtance of the hole R, and of the little Nail 
anſwering it,will be the,ſame viz: RN; it is the ſame, if in the 
diurnal Wheel of the Clock a hole be bored through, and in 
the point R of the orb a little pin anſwering it be fix. 

The foreſaid pin then bcing entred in the hole R, will cauſe 
the. occult orb IK LM to- move about, being laid hold on 


by 
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Dy the Wheel of the Clock, and will carry i forward "from 
R towards M; ard at the fame time a hand being formed,” a 


Lilly, the Sun, or ſuch like, the' Index Þ will proceed'© for. - 


ward to the oppofit, part, and by its apex deſCiibe the Fllipſis 
ABCD, to which hours unequal ſpaces are deſcribed diftiri&t- 
ly, which nevertheleſs are finifht in equal time, to wit, hourly, 
by the Index. 

Since the conſpicuous orb P L, on this' face, on which 'tis 
beheld, 1s altogether plane and whole, you may. for ornament 
inſcribe on it, either the Effigies of 'the 7 Planets, ' or the 
figures of the 12 Signs, which indeed have no other uſe, than 
that they are turned abour wonderfully to and fro with the 
o:h, that he that is ignorant of the ſtruEture, and its make, 
Can hardly conceive it, becauſe that the orb is moved with a 
double motion, one by which its Centre E is carried circular] 
about to the Periphery of the hole EFGH, and the other 
Eliiptic, whereby the other parts of the orb are carried. | 

The Internal F H between. the two Segments is therefore 
Icft, that the little nails I and N may pals in a right motion 
through it diametrically oppoſit withour obſtruftion from one 
{lit to the other. See Guidubaldus i: the Demonſtration of the 


Planiſphere, and Bettinus-bis Comments on the 28th, Propoſition of 


the Gth. . Element of Euclid. 


— 
—_—— 


© OW 5 - Problem. XXII. 


Divers ways #0, make a right lined Index to ſhewthe hours,or 


quarrers of hours, by a right motion, aud then to return 


"back again... | 


Fig. 1 53 {| Ake 2 plane Wheel -A BCDEF, whoſe: middle 


| part DEFA is furniſht- with. teeth, bur. none 
inthe other parts, the-axis A G,H.D hes directly, over, or upon 


the. Centre;':0r diameter of this Wheel, carrying two toothed- 


Tympan<es:A and D, alſo two toothed Wheels G and H, which 
ali firmly adhere to rhe axis A D : Thirdly, make the Oblong 
I K LM, . three of us i6des being of Solid. mertal, and the fourth 
K M is:choſed by the figure of the Sun, or:any other ſign, mov- 
ing forwaid'by a right lined Index, which neyertheleſs may 
be placed moſt conveniently in the middle of the oblong ; 

Fourthly, 
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Fourthly, to the two longer ſides I K and LM, make the teeth 
of the Wheels G and H to agree to the teeth of the other, viz. 
to the face of thoſe ſides which the Wheels G and H behold 
and touch, for that oblong is conceived ro lie upon the Wheel 
G and H, and theſe to cover over the ſides IK ard L M. 

The half roothed Wheel moving then in the firſt place from 
A towards B, will move the Axis AD, with the Tympanes 
and Wheels in the ſecond motion, with which in like manner 
is carried on the oblong with the Sun K M from K towards B; 
and the length of the fides I K, LM of teeth ought to be in 
the ſame ratio to the Wheels G and H, as the Semiperiphery 
DEFA tothe Tympane A or D equal to it; Secondly, and 
becauſe the plain Wheel is furniſhe with tceth only in the 
middle part, which begins to impel the Tympane A Firſt with 
its teeth, the Tympane D oppoſite to it is hindred by none, 
much leſs when the whole axis and Wheels are turned, and by 
an unanimous conſent both wheels G and H the fides of the 
oblong, are ſo long forc'd forward by an uniform motion, as 
the channel'd Cylinder A is impelled ; Thirdly, when firſt the 
toothed Semicircle approaches to the Tympane D, and begins 
to ſet its reuth in It, in the ſame moment the Tympane A is 
freed from the force of the teeth, and is turn'd to the oppoſite 
part, being led by the other ; from whence alſo the oublong 
removes the track out of the way to the oppoſite part, as long 
as the toothed Semicircle forces, which it ought to perform 12 
or 24 hours, or, if you pleaſe, bur one hour : Fourthly, this 
whole artifice 13 hid beyond a certain table equal to the oblong 
of the Index, which therefore is divided into 12 equal parts, 
or hours, and the number of the hours arc deſcribed in a 
double row, the uppermoſt of which from 1 to 12 ſhews the 
Altronomic hours from Midnight to Noon, and the lower from 
Noon to Midnight, or other wife. | 

It may be done eaſier, for the weight in the ſpace of time 
in its deſcent of the whole height, either in a plane vertically 
erected in ſome place, the ſame horary intervals may be de- 
ligned; and the ſame perpendicular motion of the weights 
may eaſily be tranſlated into an horizontal one, by a Pulley put 
between, on which pur a ſmall chord, and bind it to the de- 
{icending weight ; or if you find that inconvenient, fit a Pulley, 
or Cylinder, in ſome Wheel of the Clock, meaſuring time 


by its motion, for a Chord being folded to the Cylinder ac- 


H h COrdIng 
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cording to the various magnitude of the Pulley, or to the num- 


ber of its revolutions made in an hour, will give divers horary 
intervals in the plane deſigned on the Wall, or other plane of 


a competent length, in which, if you pleaſe, you may hide 


the Artifice, and within or behind rhe table of the right lined 


Ind:x you may place a piece of load ſtone from the weight 
by the forefaid lirtle chord to move forward ſlowly being 
looſe, and withourt the table, in the fight of every one, 'may be. 
moved by the hidden load-ſtone an Iron gilt with the Sun, 
or Phaeton driving & roſey Chariot, a Chamelion, or a kind of 
Sea fiſh, &c. 


os 


Problem XXII. 


To Effet the ſame another way more ingenious than the fore. 


MET. 


Fig. 159. |, 7 the forefaid Author appoints in the firſt 
P 


ractice, that the toothed oblong forcing the In- 


dex, and lying hid behind the rable, while 'tis conveyed to and. 


fro of its own accord, requires another ſpace equal to the tavle 
to which it allows and extends it ſelf : and inthe latter way, 


whether he appoints it by finite or perpetual Chords, he doth 


it either by attra&ion of ſmall Chords, or of the Index by a 


{mall chord, from whence *tis moved forward, therefore I have. 
thought on the- following way whereby both thoſe defects. 


may be remedied. 
Let therefore the whole length of the table of the right 
lined Index be AB, or CD; take a chord, or ſmall rope, fix 


times the length of A B,and join the ends to make it perpetual, 


2s EABFDCE; Pat this about two Pullies, or Cylinders E-and 


F, moving freely about their Centers, fo that the {mall-Chord' 


paſs occultly under the upper border, or limb of the table A B, 
and of the lower C D; Secondly, let there be alſo ſome Index 


as G, 10 fitted that it may move forward to-and fro through. 


the whole lergih of the table freely, which ' may be done 


thus; it may run to and fro within rwo little Channels, or | 


grooves, Cur in the upper and-lower limb of the table, or by 


two other metallic Chords, or ' wyers, ſtrongly extended and: 


huvg in the. ſame limbs, and .it ſtrains: them Iightly. with ars 


looſe. 
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looſe little holes, or rings, through which the chords are tranſ- 
mitred ; then the Index G will be moved forward in theſe 
channels, or wyers, perpetually by rhe little rope to and fro in 
this manner : Becaule the perpetual little chord 1s 1x times the 
length of A B, divide it into fix parts, as AB, BF, FD, DC, 
CE, E A; moreover in the three points of diviſion A, F, C, 
omiting one interval, or ſpace, bind or faſten juſt ſo many in- 
forcing flexible obſtacles with this condition, that paſling by 
the perperual ſmall chord through the rwo looſe rings of the 
Index G, wiz. of the upper and lower, the obſtacle hitting 
againſt the ring of the Index moves forward the Index ; and 
the Index arriving and conſlifting at the extream fide A C or 
B D, the obſtacle being drawn by the perpetual chord, never- 
theleſs going forward paſles through the little ring of the In- 
dex overcoming that {mall matter of reſiſtance. To this end 
you muſt rake {mall ftalks cut off from the Quils of Birds, or 
Horſe, or Swine's hair, or the ſtrings of a wood-like Whire- 
thorn ; then theſe three obſtacles being conveyed overthwarr 
by the perpetual chord in the points A, F, C, and fixt ; con- 
ceive now one of the pullies E or F to be annext with ſome 
wheel of the Clock, as with the diurnal when you would 
have the Index to be of 12 or 24 hours, or with the hourly, 
or quarterly, &c. if the Index ought to be hourly, or of quar- 
rers: Lez it be hourly, and either of the pullies E or F to move 
regularly circular by the hour wheel of the Clock from 
whence it will be incited, or by another perpetual chord, or 
by a toothed Wheel, &c. And make the motion of the 
Pulley, and of the perperual ſmall Chord, furniſht with the ob- 
ſtacles, or ſmall ſtrings, or hairs, the upper from - B to A, and 
the lower from C to D. Underſtand now the Index G, to be 
brought by the horſe hair, or other ſtring A, from BD to AC; 
Then becauſe the Index cannot paſs further, the horſe hair 
notwithſtanding being drawn by the perpetual chord, it will 
pafs through the ring of the Index, which it will Iay hold on, 
and will paſs forwards towards E. At the ſame time the hair 
or ſtring C applies to the lower ring of the Index, and the In- 
dex being free from the former hair A, draws 1t back with it 
ſelf from C rowards D, then the Index hitting againſt B D the 
Margent of the table, this lower hair will pats through its ring, 
in the mean while the other hair F is now found above, which 
Index that it may remove it forces away, and this recciprocation 
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of the Index enduresas long as the morion cf the Clock, if you 
diligently obſerve what follows. 

Firſ, Obſerve the Compendium in the beginning of this 
Problem ; for whatſoever is without the table A BCD of the 
Index, you will contra to a leſs ſpace, if you wind about the 
Pullies E and P once or twice thoſe portions A E C, and B FD 
of the perpetual chord ; for in this manner thoſe Cylinders, 
or Pullics, muſt needs be moved near to the table of the Index, 
and always to its top, as the Centers of the Pullies E and F an- 
{wer to the extream limbs of the table A C and BD. 


Secondly, to Continue that reciprocation of the Index with-- 
Our any error, you muſt take grear care that the precedent: 
obſtacle, or hair, paſs through its firſt ring, and leave it before- 


the ſucceeding one fteze his, which you may eaſily obtain if 


you do nor perinic the Index to come to the extream terms A C 
and B D, bur a liale before 1t rouches them, "tis forc'd to ſtand. 


{till, and is freed from the former mover, that the other com- 
ming too, which was firſt diſpatcht by the former obſtacle, 


may find out the Index, which will be done in a ſhort: 


L1MNe. 


Thirdly, Becauſe at the firſt aſpe& of this Index you cannor 


know whether it goes forward'or backward,therefore the thing 
may be ſo ordered, that one Index in going may turn to the 


ipeCtators a face. of one colour, and the-other in retarning a- 


colour contrary to the former. If yer the number of hours or: 


quarters above, be gone forward-from A to-B, and the lower- 


from B C, it will be known preſently ar. the firſt aſpect, whe- 
ther the Index goes forward or backward. 


YO ——— et, 
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Problem XXIV. 


To make the ſame power whict- moves the hour-Index. to ſtrike: 


the hours alſo... 


FJ{Acher Schettus thinks it may-be done by a fpring, or ſteel: 
4 


ſpire ;, for {1nce cach ſpire after this manner hath two ends, 
central and circumferential, one of: which being: drawn, each 
returns to the oppolit parts ; fays he, one end, vizz the Central, 
may force the \Wheels of the Index, and the other the (trixing 
Wheels, ur the Contrary. ; 'And.he ailrms- that- the irregular 


torce.- 
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force and reſiſtance of the ſpire may be made fit by the artifice 
delivered by us before, notwithſtanding this mult be diligently 
obſerved,. that ſome certain time mutt be appoinred by the 
Artificer, wherein the Cluck is to be drawn up, and then ac- 
cording to the number of Pulſes of each hour rhe other looſe 
end will- be made fir, the Cone of this other end forcing the 
chronometric Whecls ; But in this practice ſome difficulties oc- 
cur, wherefore I eſteem the following praCiiſes'of the ſame 
Author more apt. 

Fig. 124. Firſt, therefore conceive 1n the Figures of Probl. 
24, the rwo Pullies A and B, to be fitted to the two whirling 
ſiſtems of the lower Wheels, that. 1s, to their axes; one in- 
deed to the Chronometric ſyſtems, or circamagent Index, 
and che other ro the ſtrokes deſgned ; for, *tis manifeſt 
from the right underſtanding of hanging of weights, that 
one and the ſame weight D ſerves both for the carrying 
about the Index continually, and to the ſtriking of the hour 
Wheels. 

Note, Firſt, the Pullies A andB in Fi. 124. muſt be under- 
ſtood to be ſo placed as you fee them deſigned in Fig. 125, 
Iete, Secondly, it you do-not--maxe ule of a perpetual chord, 
bur a finite, then you muſt conceive that Chord to be perpetu-- 
all difſe&ed, and to each end a weight, or poyſer, to be hung 
to Continue the Chord within the Pullies A and B. Note, Thirdly, 
both ways here requires this weight D to be as heavy again, 
as that which is ſufficient to. carry about the other Wheels all: 
at once : It therefore to each ſingle weight that motion ſhould 
be effected, you may make uſe of this following. ( although. 
more laborious ) praC&tice. ns 

Fig. 160. Secondly, make the Axis AB ſtrong, and like a tree, 
or Cylindric, and ſtablifhr in the points A and B, pur on to: 
this two toothed Wheels C D and EF, each of which fh21l* 
have in its Centre a Cylindric.Tube.A G and BH, join'd or faſt- 
ned together moving freely about their Axis AB: And to the 
ends of theſe Tubes G and H, muſt be faſtned a little orb, or” 
Jagged Wheel G and H, having but few Jags, or teeth, as 12 or 
16, but very.deep; Thirdly, to the fame Axis A B between each 
Wheel in the. middle place, put che Pulley K I made hollow for 
receiving the Rope, tro which that one only. weight. muſt be 
bound, and.this Pulley alſo mull be movable about the unmoved 


AXIS» 
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Axis AB; and inthe Baſes or Planes which behold each Wheel, 
muſt be Bolts or Bars, on both ſides the ſame number, and 


made by the ſame Artifice on both fides ; Fearthly, the Bar 
therefore M L, whereby the Pullies are joyn'd together, hath 


firſt of all a hole, through which and the car or ring made. 


fiſt in the Pulley, paſles the little round Axis, moving freely 
in the joints forſaking that Bar :, The fame Rail or Bar towards 
the Axis of the Pulley, holds our a certain hook, or little arm, 
athwart, as in Leavers full of corners or nooks; and laſtly, to- 
wards the other end L 'tis bent like a hook, or bill. Fiftbly, 
the Rails or Bars being fitted in this manner in the ambir of the 
Pulley in any humber, as 3 or 4, fo that all together they anſwer 
the Jags of the Wheels G and H, underſtand between the 
Jagged little Wheel G, and the Pulley I K, ſome Lilly, or like 
flower to be put, cut our of a thin plate of metral, whoſe lir- 
tle Leavers ſticking out towards the Centre of the Pulley, preſs 
the points or little arms of the Bars or Rails, that in this man. 
ner the bars L M, ſtrive or ſtrain always againſt the Cuts of the 


Jagged Wheel, and the ſame is done by the face of the other Pul- 


tes. 'Sixthly, to the Tubes, or hollowed Axes of the toothed 
Wheels, muſt be put ſome Cylindric Segments N and Q, upon 
the foreſaid Axes or Tubes, ' movable freely to and fro; and 
Join them ro ſome firm Beam N O P Q, that according to the 
motion of one Cylindric Segment, the other may be moved 
With a reciprocal motion. Severthly, tmake ſome ballance CKE, 
*movable in the Centre-K, about which the half roothed Wheel 
4s conveyed with. it, whoſe teeth anſwer to the flits or cuts of 
'the Beam OP; A little arm is erected in the upper part of the 
ſame Ballance anſwering the little rongue, or cock, of common 
 ballances, to this is afhxt the Sphzre R of a competent weight. 
Eighthly, to the Tube or hollowed Axis of the Wheel CD, is 
put che. little 61b ' A, or ſmooth Wheel, movable together 
with the former, nevertheleſs ir hath in ſome certain place of 
Its 'Petiphery one ttiangular tooth erected of unequal fides,and 
of ſuch form as you ſee.in Wheels, with' Jagged, or ſaw-like 
tecth, fo that it's Hypothenuſe riſes up ſlendetly from the ambir, 
or Periphery, and at length is ended in the precipice of the 
Catheris, this little tooth abour the end of any hour, lifts up 
lowly the little arm C, then when the ballance CKE 1s in- 
clined it pulls up the little orb A. 
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Theſe things thus prepared, underſtand Fir, the Horometric 
Syſtem to be the ſuperſtruure of the toothed wheel C D, and 
the ſyſtem ſerving to excite the ſtrokes 1s of the other wheel 
EF; moreover from the pulley K I is hung ſome compe- 
tent weight by the Artifices propoſed before in Problem 
the 2d. 

Secondly, Underſtand the ballance CK E with the weight R. 
to be -inclined rowards the chronometric Wheel C D, for 1o 
it wil! come to paſs, that the Wheel half toothed K for- 
ces the Beam O P towards the lame toothed Wheel - 
C D, and together with the Beam, each Cylinder :;N. 
and Q- 

Thirdly, One of the hour Cylinders, viz. N, when in this 
manner it goes back rom -the jagged Wheel .G, it thruſts 
down all thoſe hooked rails -or bars in its 1ncillions; and by - 
the contrary reaſon the Cylinder .Q being moved to the jag- 
ged Wheel H, lifts up all the-rails or bars on that part, ſo.thar 
the Jags in the little Wheel H are in. no wiſe laid hold on by 
them. | 

Feurthly, When in this -manner the weight hung from the 
common pulley hath a conne&tion with the Wheel C D, and 
none with the other Wheel EF, that Wheel only will incite, | 
and not this, and that will be. done in an hours ſpace, until 
the tooth ſticking our in the little orb A, begins to take up. 
ſlowly the little arm C, and with it the whole ballance CE, 
and alſo the weight R. 

Fifthly, The weight R being inclined / beyond the line K R 
towards Þ, ſuddenly ruſhes to the oppoſite part with the cock of ' 
the Ballance,and together with the half roothed Wheel K, im-. 
pels the Beam O P, and che Cylinders N and Q towards B;. 
wherefore the Cylinder N lifts its hooked Bar, and the Cylin- 
der Q lersit down,and this being received within the Jags of the - 
Wheel. H,. make. firm the, Pulley KI with the Wheel E F, and 
its Wheels pertaining to the ſtriking, which unlocks the arm. 
K E, by. a certain Leaver which the Figure doth not ex-. 
preſs. 

Sixthly, The hour being declared by (ſtriking, the ballance 
CE is again lifted up with the weight R, ro the oppolit parr. 
by inclining towards O, and that is done by the Phonotattic 
Wheels, eſpecially by thoſe which are thruſt on immediately 
from the Wheel E F, and which for every blow. or ſtroke ig 

Wong 
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wont to 20 once round, and carries in it's Axis a certain:hearr, 
by help whereof through Leavers diſpoſed to that purpoſe, ir 
may be done very eaſily, the Impetus of the Wheels approach- 
ing from the colleted motion. 

Note, Fir/#, in ſtead of the Pulley K I, a toothed Tympane 
may be placed, which may be moved by another inferior 
Wheel, and it's weight, for the ſame efte&t will follow, by in- 
creaſing the weight of the clock as much as the thing requires : 
Notwithſtanding the forces of which may be hindred by a 
ſpring, or ſteel ſpire, but only in a fxt, or ſtanding clock, for 
in a portable one the ſame foundation remaining of ſhutting 
by the bar LM, the other furniture of the Leavers will be 
otherwiſe diſpoſed ro work changes. Secondiy, when the Pho- 
notactic Wheels are inCited by the weight,the motion of the Index 
ceaſes the ſame time, bur after that manner that either *tis of 
it ſelf bur little, or *tis compenſated from elfewhere ; alſo ir 
may be ſo made that berween thoſe ſtrickings, the Index ſhall 
not move forward at all, bur the more free deſcription of rhe 
artifice, the brevity of time excludes. Thirdly, if the Chronome- 
iric Wheels are incited not by a ballance, but by a Pendulum, 
the Artifice may be. eflefted eafily; that that may be appre- 
hended and included in the uttermoſt term of its arches, and 
then the weight being reſtored to its Wheels, 'tis unlooſed into 
Vibrations,0therwilſe the motion of the Pendu}jum once ceaſing, 
it cannot be ſtir'd up again by the weight only ; the reft Leave 
ro the Ingenious to Conſider. Thus he. | 

And truly this practice is very ingenious. 
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Problem XXV. 


To cauſe any ſtrong blow or ſtroke uſually ſtruck on great Bells, 
by a Hammer, and by great Weights, to be effedted by 
much leſſer weight, and fewer toothed Wheels. 


Fig. 161.J Et the Wheel ABCDEF bedivided into 6, 8, or 
more parts, in the diviſion of which points make 
ſo many joints for certain equal arms and equiponderant ham- 
mers,or Iron balls,or Globes,to be fixed, yer ſo, that the motion of 
any arm run not out beyond the quadrant of a circle, wiz. 
DGH: To the Axis of this Wheel place a Pulley with a weighr 
and onz toothed wheel, which ſhall rura 2Þour a certain axis 
with a ballance, to retard the motion of the whole Engin, and 
alſo the impetus cauſed by this ballance, &c. EOF 
Rails cr Bars then being advanced ſhutting up the motion of 


the Engin, after which ſome hammer, to wit, D G muſt be 


conveyed perpendicular to an Horizontal ſite, and. a little be- 
yond the hammer falls down with a force, and deſcribes 
by its fall the arch G H, and on the-brim of the objected Bell 
ſtrikes a ſtroke, or blow, and becauſe ir touches only the 
extream of the Bell, *tis prefently withdrawn by the Engin 
from proceeding any further, otherwiſe if the hammer ſhould 
reſt a little while, ir would hinder. the ſound of the Bell, ſome 


ſteel plate ſhould be put between by the fide, which ' ſhould 


draw the Hammer immediately from the bell, and nor hinder 
it from tending downwards: And in this manner, much leſſer 
weight being diſpoſed, forces the Hammer and makes the ſtrokes 
more valid, becauſe the Engin is as it were Aquilibrated: The 
ſame may be performed by Iron Spheres, or Globles, falling 
from on-high on the bell, which. Glgbe is again raiſed ro 'the 
height © by a ſcrew with a ſmall power. Or ſo many Globes 
may be placed in an upper place, as are required for all the 
[triking of hours for the whole day, as alſo of each hour, Firf, 
03e of them is freed from the obſtacle that ir may fall on the 
Bell, afterwards rwo, and after that three, &c. according as 
the number of hours require: The hours may be adorn” | 


divers other new ways to ſhew the diſtance of hours, for i r(t, 
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if you would ſhew. not only the hours, but alſo the quarters, 
you may. do-it by many ſmall bells, ro wir, make uſe of five: 
little bells, whoſe ſounds. aſcends. by degrees in a Muſical in- 
creaſe or proportion ; and for the ſtroke of the firſt quarter, 
the meaneſt or lowelt little Bell will. found . Do, or, ut; for the- 
{econdquarter Do, re'; for the third 'Do, re;. mi, then follows. 
the ſtroke of the hour ſol, ſol,..ſol,, &c. ſo often as the preſent 
hour requires, "TRE E | 
Secondly, the ſame may be effected by means of muſical: 
Chords,. to wit, it you extend them on'a table made thin and 
hollow, either - Parallel to each other, or as: radius's meeting 
-1h.one point ;. and they maybe fo fitred and tempered: that two. 
oppolits give a Harmony, ng from” perfe&t and pro- 
ceeding to imperfect; for theſe kinds of” Harmony being. 
incired, each hour by: a diurnal: Wheel with two. chords,. 
will ſignify the hour decreed: in a bed chamber, which may. be: 
heard in a. night. without the. trouble of: noiſe ; and the Im-. 
- pulſe of.. the chords may be repeated three or four times, leſt- 
[the hearing be deceived, if you have a muſical. Inſtrument- 
with keys, you may uſe'a Phonotactic : Cylinder dire ro the: 
rand with. a weight. hung to'it, by which it will 'be turn'd: 
about. 
Thirdly, the thing may be-effefed likewiſe by the Pipes of Or-- 
gans,for if the PhonotaCtic Cylinder be made and applied to the- 
keys of the Organ,and the Bellows being drawn either artificially - 
by ſome eaſy Engin,, or being once drawn perſiſts ſo, and they 
muſt. deſcend by litfle and little each hour while the ſound: of: 
hours is required to be made. _ WINDS DS : b 
Fourthly, the Strokes of -the hours may be made by a military.- 
Tympane,.or drum, and-that- moſt eaſily, as to any Indultrious- 
perſon will appear ; yea, we affirm it is not difficult by. Engins . 
to exhibit ro the ears, any. ſtrokes or blows. wont to'be declared: 
. by. Tympanes, with-as much dexteriry, as it can | be done by. 
"the moſt skilful: Muſick” Maſter, both as to the Celerity: of the: 
blows and the difference. of inequality. of: Percuſſion, and allo - 
23S to Harmony or the ſounds of Tympanes in Muſical conforr. . 
Laſtly, there is no Muſical: Inſtrument, the Tube or Trumper- 
_ perhaps excepted, but ir may be ſo fitted to, a clock, as tro make - 
divers. Harmonical. ſounds each. hour. . fo 
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Problem XXVI. 


To procure excited Sounds at appointed times by many Ar 
tifices. 


THis. Father Schottus teaches at Propoſition the 25th. thus, 
| incloſe a Steel ſpire with two little Wheels and a little. 
Hammer, within a little bell, and this little Engin ſtands upon 
2 Or 4 feet, and hath a little rongue ſticking out downward, 
by which the ſteel ſpire being firlt bent, the motion is imparred 
ro the little Hammer; If then the little Engin be placed above 
the Index of the clock lying Horizontally, or applied vertically 
about the centre of the Index, the feet of. the little Engin being: 
ſtabliſhr, and thar lictle tongue ſticking out, direCted to the 
line of the hour which you deſire to excite, then the Index 
of the Clock being conveyed to the little tongue, and opening 
the incloſure of the little Hammer gives the ſtroke required; 
and after that whenſoever you pleaſe ro remove it you may, 
and pur it again to the little Engin. ah es 
Fig. 162. Secondly, if a Clock be required ſhewing only the 
hours, and to hang to the wall of a room; In the wall nigh 
which the weight of the Clock deſcends faſten in A a littie 
arm, or Leaver A B, movable in A, on the end of the Leaver B, 
bind one end of a {mall chord, than to a little Bar- fixt-in C 
caſt over the other end of. the ſmall chord, to which' bind a 
little ſpar or piece of a ſtick C D; laſtly, faſten a third little Bar 
in E, within which and the end D' of the ſtick put the light 
ſtick E D between, ſo that it may ſtick faſt berween the little 
bar E and the end D of the ſpar or piece of ſtick, and the 
weight G being hung will therefore ſtick faſt, under which 
you mult put a braſs baſon, or ſuch like body of ſound, in 
which the weight G falling, excites a-ſound ; then. lift. up the 
weight F 1mpelling the Clock, to ſo many hours as you defire 
It to excite, for the weight E being ellapſt in a determin« d 
time, the ſtick being conveyed ſlowly to E D bares it down, 
and Caſts it downwards : And this obſtacle bing taken away, 
the ſtick C D being looſed ſends down with a force the weight 
G into the baſon underneath. 


112 Thi d'y, 
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Thirdly, for excited ſounds for Souldiers, or Husbandmen, to. 


a determined time, you may prepare them eaſily in this man- 
ner, take a piece of match;fuch as:Souldiers uſe, of one thick- 
neſs and denſity every where, try diligently how much the 


fire will conſume of it in an hour, then allowing the length of- 


the match for as many hours as you pleaſe, note the end, and 
extend the whole in length upon ſome piece of timber in- an: 


Horizontal ſite, and a little elevated from the earth : Then in. 
the firſt bgn noted in the match,bind a little chord,and ro the ſame 


{ome weight, viz. a ſtone, and the other end of the rope or chord 
bind abour and make faſt ro ſomewhat, as to a wall, or a tree; 
ec. for it will come to paſs, that when ir hath burnt ro the 
noted fign, it burns or deſtroys that end of the little rope, and 
the ſtone falls into ſome Veſlel or table placed juſt under,'it and 
{o makes a noiſe. 

Many other ſuch like may be thought on which may either 
be applied to Clocks, or may effect it themſelves, that at an ap- 


pointed time they may waken and raife up them that ſleep by 


ſome noiſe ; For in the firſt place all kind of Clocks which we 
have deſcribed before, to wit, which are moved in deſcending 
by an inctined plane, ' that may eaſily be done, if while they 
come to ſuch a line of the hour, they run againſt ſome vbſta- 
cle, from whoſe repulſe or removal, a ſound is made, or 
ſome other noiſe excited ; Secondly, we may obtain it by all 
hour glaſſes of ſand or water, for being increafed' by degrees 
by the weight of the water or ſand falling down, it may be. 
made, thar when it increaſes to ſuch a magnitude 'the other 
weight ſhall prevail, which either lifts jt up, or being freed: 
from the Impediment it ſhall fall down, &c.. 
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Problem XXVII. 


Divers Ornaments applicable to Clocks, and ſuch like 
Engins. 


HE Ornaments which may be added to Clocks, and other 
Chronometric Engins, are innumerable, for beſides thoſe 
which belong to their Indexes, and the other before mentioned, 
the ingenious Artificer may eafily invent many other, ſome 
whereof we will ſhew briefly. 

Firſt, a Clock may be made which not only declares the 
hours and. quarters, but alſo the minutes and ſeconds, and that 
either with divers little bells, or by a muſical Inſtrument of. 
Chords or Pipes. 

Secondly, the noiſe of the foreſaid Harmony may be made, 
either before thoſe ſtrokes can publiſh the Muſical conſort, nor. 
only in ſmall bells, or any other Inftrument, or alfo more tro- 
gether, which may eafily be done by Phonoractic Cylinders, 
as is ſhewn before ; and not only by thoſe Cylinders, but alſo 
by an oblong plane, to wit,if you have a thick plate of mettal or 
a. wooden table, to-which faſten ſo many ſmall bolts, or pins,. 
and diſtant a due proportion between themſelves as the Muſt- 
cal rone requires, fo that while that plane is moved upward 
and downward to the right hand, or to the left, his ſmall- pins 
ſticking out, hits againſt the Organ, or other Inſtrument, e*c.. 
And this oblong plane may be moved here and there-by a re- 
trograde motion, as is ſaid before concerning the Index of: 
the like plane at Problem. 17, in which caſe, notwithſtanding 
it behoves. the whole thing to be doubled, tro wit, one 
anſwering.to one half of the oblong plate moved in one part, 
and the other to the other half in the return of the ſame: 
plate. 

Thar the Clock, or Inſtruments, may be rightly applied, the: 
following things are to be obſerved. Firſt, the roothed Wheels. 
of Clocks which the Cylinder turns about, ought to be ſcituate- 
in the middle of the ſame Cylinder, or'in both ends of it, 
for if it be applied to one erd only, ſome. inequality. eaſily 
happens to the motion, by the reſiſtance. of raiſing the: Ham- 


mers, 


4 w- 
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mers, or depreſſing the little hands, ec. and the Cylinder 
muſt be exaCtly turned : Secondly, for each ſmall hell (if you 
will make the ſounds on bells ) let -there be two Hammers, 
two little hands, and two rows of holes in the Cylinder, to 
wir, that any note although ſhort in the rune, may be exprelt, 
when they are doubled, or repeated many times, for if thoſe 
notes be many, to wit, tailed or twice tailed following im- 
mediately, it cannot ſo well be ſtruck by one Hammer, and 
preſently raiſed. Thirdly, the fewnels of holes for one touch, 
may be ſupplied by the diverſity of ſmall pins, more or leſs, 


ftretched out without the hole in which they are faſtned- 
Fourthly, to greater Hammers, or greater reliſtings of Elevation, 
Poiſers or weights muſt be hung as much as need requires ; 


Fifthly, the little hands and ſmall pins, are moſt exa&tly of a 


length. Sixthly, for accelerating the motion of the Cylinder, 
thoſe wings which catch the wind, or ſmall weights inſtead of 


them, are movable, that they may be moved more or leſs to 
the Centre of motion. Seventhly, when the motion of the 
Cylinder acted by weights, is {lower in the beginning, a ſtay 
muſt be pur between, of one touch, or a touch and an half, ro 


'gain the Imperus, before the littlekeys or pins begin to publiſh 


the ſtrokes: Eighthly, if the Conſort of muſick preceed the 
ſtrokes of the hours, care muſt be taken that the key opening 
the ſtriking Wheel of the hour be movable, leſt when the 
runes are fome ſhorter than others, the ſtroke of the hour may 


'be a long time expected. 


Thirdly, as Indexes of Clocks, and other 'Engins, belong to 
the Senſe of the eyes, and of the found to the hearing, ſo to the 


ſame hour meaſurers, other ornaments may be added, which be-. 


long to Odour or ſmelling ; for it may be made that every 
hour, or at other appointed times, a box or ſmall ciſtern may 


open, in which ſome odoriferous body {ſmelling very {ſweet is 
cloſe ſhut, and the Odour will diſperſe it ſelf into the whole 
Toom; in like manner cocks of {mall fountains may be opened, 


ſending forth Odoriferous liquors, which liquors may be di- 


vers, according to the diverſity of the hours of the time; yea, 
they may be fo fine and full of Spirituous rectification, thar 
they may reſolve into air, and by their ſubtilty vaniſh, their 


Odour only remaining: Neither is it neccllary ro uſe mavy 


- fountains or ſpirital Engins, if ſo be you make a ſmall Engin, 


out of whoſe cock only, divers liquors run forth every hour: 
| Alfo 


"IS 4 


—_——-—- OR 
*. 
"—. mo 


* oY if 


F are fallne: 
Of Elevation, 
Med require; 
C Exattly of 2 
[ the Cylinder, 
NS inſead of 
NOte or [ck to 
Motion of the 
pinning, a ſay 
and 2n half, tg 
Degtn to publiſh 
k = the 
e Key Opening 
leſt ba he 
If the hour may 


Pins, 0el0n9 to 
ring, (010 the 
ded, whichbe- 
de that erery 
all ciſtern may 
o Very ſweet 1s 
jnto the whoic 
1H hs opered, 
5 may be (i- 
the time; J& 
Rification, that 
vaniſh, (het 
7 [0 uſe WW! 
2 fmnallFrgit 


ah every 007: 
| Fl 


VV IS OT 
. ARS A . 4. 


hoe vs £ 
”—— \ ——. - 
- ”- E 


Timake a C 
meaſuring 


ix, 16z, 


{tn feet : 

E unning 
Apain this 
With of the 


Book IX. Mechanick Powers. 247 


Alſo 'Odours may be made either by means'of perfuming fire 
which may be excited every hour, ro wit, by percuffion,that the 
next {weetned matter may be burnt; Or being moved into an 
occult furnace, or lamp, the matter may be moved to them, or 
rather thoſe to 1t. 

Fourthly, It may be made, that the clock every hor or ap- 
pointed time, ſhall atchieve divers offices of cruſt, as ic were 4 
ſervant, and be dilligent in the Bed-chamber deſigned. to va- 
rious Offices; ſo Cloks may be made which at a pretixt time 
of night ſhall ſtrike fire and Kindle a light ; and in the ſame 
manner they may be ſo fitred, thar they may ſerd forth water 
from a fountain, at certain hours for the waſhing of hands, 
_ or draw it from a well, or fo as to ſnuff candles dexteriouſly, . 
ar appointed rimes : Alſo a clock may be made, which be- 
ing. placed on a Table, imay repreſent Bacchus fitting, 
on a Tun, and at certain times fill pots with divers kinds 
of wines: Alſo a Statue may be made in the top of the 
«Clock Turret, that may unfold a ſtreamer in the morning, and. 
fold it up'in the evening ; and many other ſuch like as theſe 
may be performed. 

Laftly, other Inſtruments may be added to Clocks which 
may ſhew the degrees of heat and cold, and alſo of moiſture 
and dryneſs, or which ſhall forerel when it will be rain and. 
when fair weather, yea, and they may ſhew the winds at any 
time in an incloſed. chamber. 


—— 


Problem XXVIII. 


To make a Chariot, or ſhip, withan Index of Miles, for the 
meaſuring of a Journey... 


Fig, 163. JyſEare the compaſs or Periphery of the Charior- 
| : Wheel propoſed, and for example ler it be- 
ten feer ; To the. Axis of this Wheel A B, fir a ſmall rooth. 
E, running on another Wheel CD, furniſh with 50 teeth : 
Again this Axis I E muſt have a ſmall tooth, like to. the ſmall. 
tooth of the former Wheel. in E, which folds into the teeth of. 


the- 


243 Mechamck Powers. Book IX. 


the Wheel E F, divided into 12 equal parts, -each of which 
COnſifts of io teeth, ſo that all the teeth of this Wheel are 
120; Moreover in its Centre G an immovable Index is dif- 
poſed, which will tell the number of Miles and hun- 
dreds of Paces that hath paſſed by rhe Chariot in the Jour- 
ney ; for each circumvolution of the Wheel A B, that is, 
every two paces that is made in the Journey, one tooth of the 
Wheel C D is moved forward by means of the ſmall tooth C, 
and therefore ſince the Wheel CD is furniſht with 5o teeth, 
its whole circumvolution will be compleated after 100 Paces, 
and then it moves forward the Wheel EF by means of the 
little tooth E ; then ſince every part of divition of the Wheel 
E F conſiſts of 10 teeth, after every 10 Circumvolutions of the 
Wheel CD; thar is, after 1000 Paces, or one mile of the 
Journey, the Index after that will note another number of 
Miles; in the ſame manner alrogether the thing may be done 
in a Ship, provided rhar a Jagged Wheel like ro the Wheels 
of Mills be ſo firted to rhe fide of the Ship, that it may freely 
move abour the axis, while its Jags hit againſt the water; and 


this Wheel will be inſtead of the Wheel of the Chariot AB, 


to which others are added, as we have-ſaid ; for the whole 
Artifice conſiſts in this, that the circumvolution of the firſt 
Wheel which anſwers the lengrh of the Journey be multiplied 
proportionally to the other Wheels CD and EF, which may 
be done caſlily, and divers ways. 


—— —___kK__@—_— 
_—— 


Problem XXIX. 


The method of making Archimedes's Screw for the raiſing of 


water ſeveral ways. | 


Fig. 164. A Rehimedes his Screw is no other than a C olumn 
or Cylinder, on which a Tube is wourd abour 

ſpirally, or in the nature of a ſcrew, as appears in the annexed 
Scheam, whete A'B repreſents the Cylinder in 'an inclined fire 
to the Horizon, and C D ſhews the Tube drawn. about it ſpi- 
' rally; and this Tube if one end of ir have an open mouth C, 
put in the water, fo that the water enter into it, and then the 
Cylinder 
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Cylinder being duly inclined, and ic being turn'd about by 
the-rwo poles, or ends of the Axis E F chat it ſtays upon, 
5-will come to, paſs that the water-ſerpent by little and little 
will aſcend to the top, and run out at the other mouth D. 

This ancient and moſt ingenious Engin, owns the moſt In- 
genious Archimedes for its inventer, which firſt uſed it to. 
empty water out of the great ſhips of Hiero,King of Syracuſe ; then 
the Egyptians uſed the fame, ( witneſs Dioderus Siculus ) tro draw 
out the water from the fields drowned by the River Nyles, and 
Cardan in his book de Subtil, makes mention of a Blacki{mith 
that made this kind of Engin, and imagining himſelf to be the 
firſt inventor of it, for joy ran out of his wits. 

How much the Cylinder, or its Axis E F, ought to be ele- 
vated-above the Horizon is not eafily determin'd,as will appear 
by what follows, ' although commonly Mechanics ( with Vzrru- 
vius, Book 10, Chap. 11. ) require ſuch an inclination as con- 
ſtirutes Pythagoras his Lange E G F, to wit, ſuch that the 
fide or Baſe E F which reſembles the Axis of the Cylinder 
ſhall be to the fide E G, which is the Horizontal line, as 5 to 
4, and the fide E G in which the other {ide F G falls perpen- 
dicularly, isto F G as 4.10 3. | 

And the Tube and its Spire muſt be fo firted about the 
Cylinder, thar each Spire be more or leſs inclined, and more 
or leſs nearer each other by turns. 

Beſides to the ſame Cylinder, ( which may be greater or 
ſmaller ) there may be put about, two, three, or more Tubes, 
ſ{o:that one ſuccellively after another may draw the water 
beneath, and may pour it out in the {ame order above. 

Some hide the Tube, or Tubes, within the hollow of the 
Cylinder; or they make the whole cavity, except the Axis in 
the middle, into a Spiral pipe, or Channel, after the manner of 
winding ſtairs, for firſt they make the Channel ſpirally abour 
the Axis of ſmall timber, then afterwards they cover the whoſe 
all over, that the whole Engin ſecins a mcer Column, the 
myſtery lying hid within ; Father Chrift.pher Grumberger made 
a tranſparent Channel, or ſpiral pipe, covering it over with a 
Selenite ſtone, or looking Glaſs, that ir may appear to the eye 
o2king on it, how the water aſcends. 

If about, the Cylinder you fit little boards ſuch as isvſed in mill 
Wheels, or-a Wheel furniſht with little boards be firred about the 
lame, near the lower part B, this part may be ſo kept above the 

| (ns K k Walter 
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Moreover you may raiſe water to any heigti in a-narrow 


place, wiz. within a Tower to the top thereof, - as. we have- 
known done at Augrfta in Germany ; to wit, if the ſpiral pipes. 


be multiplied, ſo that the water being: raiſed by-rhe lower-ſpiral, 


and being poured out in'D into ſome-receptacle, or Ciſtern ; 
hence it may be raiſed higher again by another. Spiral; and:ſ>. 
ſucceſſively by more ſpirals, as high-as. you- pleaſe, all which: 


Spirals may be moved by one power; viz. by the water of a- 
River underneath, or by another animated Power.. 


Thus muchas to the:making and common ule of the Serew,. 
or Spiral pipe, and-you will ſcarce meer with any: thing elfe- 


among writers, but that which: contains- the. reaſon whiere- 
fore the water aſcends by the ſpiral pipe, contrary. to its natural: 
gravity, you will hear the ſame ſtory among, all: of. them: that: 
I have read; water indeed always. deſcends in the. fpires of a: 
Tube, and flows. naturally to the lowelt place, but neverthe-: 
leſs in the mean while by turning round:of. the Cylinder 'tis. 
conveyed'to a higher place ; likewiſe 'the weight of the water 

it ſelf, while it advancesthe ſpiral Tube, or pipe, helps its ad-- 
vancment: Some fay 'tis done by a certain mixt motion joyn'di 
rogether, of the deſcent and aſcent of heavy bodies, which 
while they affe&t ro deſcend by their ' proper. motion, they 
run through the Spiral of their own accord, and the ſpirat by. 
the turning about of the. ſcrew, the weight running down lej-- 
ſurely, and obliquely and as it- were by ſtealth, raifes ic up-: 
by degrees, I fay, you will find theſe, and ſuch like expreſſions, 

' or meer words which ſound- altogether the fame thing. . 

That we may therefore ſhew the true cauſe of this motion: 
clearly and* manifeſtly withour ambiguous. words,, we muſt: 
obſerve ſome Experiments approved by -us. AT IBU 

Firſt, Nor only water, ,or other Liquor, may aſcend-by the- 
Tube of the ſcrew, but alſo one, or more Globes.of any ſolid! 
mcerallic matter.. | | 

Secondly, by how. much greater ſwiftneſs the ſcrew is turn'd: 
abour, nor only a greater quantity of water afcends proporti-- 
onally to the greater {wiftneſs,' as if the motion 'of the ſcrew 
be doubly ſwifter, the quantity of the water will be doubly. 

| _ greater. 


| wers. * Book IX: 
water of rhe River flowing, that the little Boards.-may be for. 
ced by the water, and turn about the Cylinder, for fo the witex- 
may be conveyed from the Rivet into a meadow, oriany. other. 
place that you will have 1t. C9399 | 1 
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greater, which in-equal time will be poured out of the upper 
outh of the Tube, but a much greater proportion, 10 that 
ir may happen that the motion of the Cylinder about its axis 
being put double, the quantity and conſequently the velocity | 
of the water aſcending is triple, or alſo quadruple,or quintu ple ; 
and this appears Clearly, if inſtead of water we place Bullers, - 
or ſmall metallic globes in the Channel of the ſcrew ; for 1t will 
come to paſs ſometimes, thar the ſcrew being rurn'd abour, the 
Globe will aſcend bur very little, or if it aſcends a little, jr 
preſently flides or falls down again in the Tube, bur the ve. 
locity of turning abour being increaſl, it only aſcends, all the 
other circumſiances remaining the ſame. 

Thirdly, the leſſer the axis of the ſcrew is elevated from the 
Horizon, the greater plenty of water afcends, and with more 
eaſe, ſo that the ſcrew be turn'd with the ſame' velocity, and 
all other things alike. | | 

Fourthly, There is not the ſame proportion of quantity of 
water aſcending through a narrow Tube of a ſcrew, to the 
quantity of water aſcending through another broader Tube, 
a5is the Baſis of the narrow Tube to the Baſis of the broader Tube ; 
for example,let the narrower Tube be A, and the Tube B doubly 
broader ( or as broad again, ) I ſay,through the Tube B there 
does not aſcend a double quantity of water the other things 
being alike, but leſs then double, and therefore if there ſhould 
be two Tubes of A, and only one Tube of B, although the 
largeneſs of. this, or the inward cavity be equal to the double 
largeneſs of the other two Tubes, notwithſtanding it will not 
draw an equal quantity of water, ſo that they are all of an 
equal length, and in the ſame manner alike, or the ſcrews are 
turn'd alike. 

Theſe things being noted, I ſay, in the firſt place, that 'tis 
falſe which they commonly affirm ( as is ſaid before ) that the 
water does deſcend in any manner in the Tube of the ſcrew, 
and much leſs rp:make a mixt motion by the aſcent and deſcent : 
And this appears in the firſt place chiefly by an experiment of a 
Globe turn'd about in a Cylinder through a glaſs Tube,ſo always 
aſcending as 'tis ncver diſcern'd to deſcend (1 ſpezk in re- 
tpect of the Tube) for it runs towards the upper part of the 
Tube, never going/back untill at.lengrh it. break our at the up- 
per, mouth ofthe Tube; the ſame which appears in the upper 
n1 MHoawargm K k 2 ſupcrtCcics 
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ſuperficies of water aſcending ; and certainly it ſeems 'to be* 
implied in the terms that the ſame heavy body' ſhould afcend** 


and deſcend together ar the ſame time, for it will be moved 
together with two oppaſite motions, which 1s Contrary ; as we 
have ſhewn before. COLE CP met; 

The reaſon then why the water,or Globe,or any other heavy 
body, aſcends through the ſpiral Tube of the ſcrew, oughr'ito 
be ſought from the adherence of the water, or other. body, to 
the inward ſuperficies of the Tube, either from ſome rough- 
neſs of the ſame ſuperficies, or atſo of the ſolid Globe aſcending, 
- by reaſon of which the motion of bodies is hindred in their 
deſcent by an inclined plane, which how ir happens. in the 
{crew will be eaſy ro explain from what 1s faid. 

I fay, then the water, or Globe, doth' not always move in the 
Tube, fo as always to go forward further, bur by ſome little 
- fpace of time, wherein the Cylinder is turn'd about, the 
Globe reſts in the ſame part of the Tuhe;, but becauſe the fame 
time, in which the Globe reſts with refpe& ro the Tube, that 
part of the Tube on which the Globe reſts, aſcends by the 
rurning abour of the whole Cylinder, it comes to pals alſo, 
that the Globe reſting in that part, in. the mean while is, 
raiſed higher from the Horizon, and the other parts of the 
Tube immediately following, obtain a lower ſite with re- 
ſpe& to. the Globe, which therefore are conſtituted in a plane 
ſomewhat inclined ; then the reſt of the Globe ceafing' in that 
part of the Tube, it deſcends by that inclined plane to the lower 
part, and there it reſts again (for as much as if it ſhould- paſs 
tarther, it onght to aſcend, which is contrary to its natural 
gravity ) and while it reſts in that part, tis transfer'd again to- 
gether with the Tube into an higher fire, from whence it a- 
gain roles down by another inclined plane on the other part 
of the Tabe; and ſo by degrees is moved forward even to the 
upper mouth of the Tube ; and the. reaſon of this interrupted 
motion, or interpoſition of reſt, 1s, as. I ſaid, the adherence 'or 
roughneſs of the ſuperficies both of the"Tube and alfo of the 
Globe; for it comes to paſs thar by ſome little ſtays the motion 
is incermitted, while the movable body finds reſiſtance in the 
rough plane. BEE 

Fig. 165. And there is another reaſon beſides rhe foreſaid 
reſiſtance of Roughneſs, or adherency of bodies, which very 
much moves forward ſuch motion ; to wit, the impreſt Im- 
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..: petus-of motion in rhe oppoſite part.of the Globe,or water. .Let 
che Horizontal line be A B, above which the axis of the, ſcrew 


A C is raifed, and let the fpiral Tube be DE 1 L MN. Now, 
for example, if the Globe of lead be in part of the Tube E, and 
the Cylinder be turn'd about with a, motion from E towards 
G D; while the Globe reſts a little in part of the Tube E, 
in as much as that part together with the Globe reſting is raiſ- 
ed by the turning about of the Cylinder into a place nearer 
the horizontal line, wiz. into P, and in the mean while, the 
part of the Tube H is depreſſed ro Q; from whence it comes ta 
paſs that part of the Tube is conſtituted tin the inclined fite P 
Q, and therefore the Globe, which was found in Þ deſcends 
through that part of the Tube, or inclined plane from P in 
Q, where you {ce now the Globe advanced higher above 
the Horizon; for the point Q is more diſtavt from the 
Horizon A B, than the point E, where the Globe was before ; 
again in Q, becauſe of fome reſiſtance which it cannor over 
come through the little ſtay of time reſting, *tis raiſed as be- 
fore with part of the Tube in the ſame point Q, then an- 
{wering to the time, from whence again after reſting, it falls 
down in the: other part of the Tube, and ſo ſucceſſively in de- 
ſcending it truly aſcends, but not fo as to aſcend in the ſame 
time in which it deſcends, and therefore it cannot be ſaid, 
truly ſpeaking, that it aſcends in deſcending, nor thar 
that motion 1s properly compoſed of aſcent and deſcent. 
Wherefore it aſcends in that part of time in which *tis hindred 
by the adherence to the inward ſuperficies of the Tube, or its 
roughneſs, that 'tis not moved forthwith, but ir deſcends 
after that ſmall ſtay, or little reſt, and becauſe it deſcends 
more oblique than before it aſcended, therefore- the deſcent 
is leſs, confider'd abſolutely and in a perpendicular line than 
is the aſcent; and therefore after all the deſcents ic will be 
found higher above the Horizontal line. . 

Add, that after each deſcent, to wit, after the deſcent from 
G 1nE, it doth not preſently reſt in the loweſt place E, due to: 
it naturally, but by the acquired impetns in deſcending by 
the inclined plane GE, it aſcends allo further, viz. ro H, e- 
ſpecially fince the point of the tube H deſcends in the mean 
while,and paſſes away the globe, that therefore it may ſhun the 


pe ng fromE in H, by being ſucceſſively lighter, and aſcend, 
ealier. | 


Finally. 
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'"Finally;; to the facillirating of -thistotion of ithe-globe the 
impreſt Timperus of the' tube'coneurs to the” oppoſite! part -of 
the' motion of the globe, for it 1s' found; by experience, thar 
the Globe deſcends . more {wift on an inclined- plane, being 
moved ( for example). from the Eaft rowards the'Weſt, if in 
the mean while that it deſcends, the inclination renigifing the 
ſame, the plane be transfer'd 'by- an oppolite motion,” ro wir, 
from the Weſt towards the Eaſt; ſince therefore* while 'the 
Globe deſcends, by the inclined part of the Tube from'G in 
E, or alſo while it aſcends further from Ein H, the Tube 
by the Circumvolution is moved by -an oppoſite motion from 
H towards E and G, it come to' pals from-ſuch mbrion, or 
from the oppoſite Impetus'of, the Tube, it acquires a greater 
velocity : Bur likewiſe this muſt be obſerved, that as often: 'as 
the oppoſite Impetus of the Tube, or of the inclined plane a- 
vails to the velocity of the motion of the globe, ſo often rhe 
Globe ſuffers ſome rubing or wearing with the-plane thar lies 
under it: Wherefore from the beginnmg to'the end, all: the 
reaſon of the motion. of the Globe in the ſpiral Tabe of the 
ſcrew, ſeems to be. founded/on the foreſaid *adherence, or re- 
ſiſtance, of bodies, in the conract of” ſuperficies.. 'And what we 
have ſaid concerning the Globe,” the 'ſame may altogether be 
ſaid of water, or of any other body, notwithſtanding we 
have made uſe of the Globe, in the example, becauſe if the 
experiment be made, as we have oftentimes done in it, all 
theſe things clearly appear, which hitherto we have ſaid; 
And that the Globe may be manifeſt co the'eye, and the reaſon 
of its motion may be obſerved, either we muſt make uſe of a 
glaſs Tube, or'the ſecrer hollow channel about*the Cylinder 
muſt be' of. tranſparent ſtone to ſee through ; or you may 
eaſily pur a double wyre abour the ſpiral Cylinder, fo that 
that Iron thred, or 'wyre, touch not the Cylinder, bur ſtand 
above it about half an Inch, and the ſame diſtance alfo'hetween 
Ir ſelf, .and therefore ſome quadrangles intercept the YR of 
way, 'on which: the* Globe is placed as it were ,on' a' Channel, 
Or groove. | Rn end hon 
From what hath been ſaid *ris manifeſt, in the firſt place, 
how the motion of bodies which are raiſed by "means of this 
Engin, are reduced to motian by an inclined' plane. © ** 
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Book IX. 
.. Secondly,;,a reaſon appears why. the turning the. Cylinder 
about with: a-greater Velocity, or more {wiftly, that it doth not 
only, raiſe, os plenty. of warer , proportionally,” but” alfo 
a 


makes. the ſame aſcent, more abundantly ealy ; for fince the 
oppoſite morion of, the. Tube avails-much to the aſcent of the 
water, as-we have-faid;. by, how much {wifter this motion 
is, which-is made by turning abqur of the Cylinder, by ſo'tmuch 
the.,more the afcent of. the water is advanced. he 
. Add; that thar little ſpace of . time which the warer' or , the 
Globe reſts-in ſome lower part of the Tube 'tis raiſed. higher, 
thar- therefore the reſt ceaſing ir ought to deſcend leſs, and 
after the deſcent *tis now much higher raiſedabove the Horizon: 
than before:: moreover, fince that little ſtay of the Globe hap- 
pens from” the- impediment, or roughnels of the Tube, ſuppoſe 
the.Glpbe to be in E, and ſome impediment or Las in 
the Supetficies of the Tube, to: be in its way on the part to- 
wards. H ; when. this kind of roughneſs is moved forward to- 
wards P or .G, and let that which raiſes the Globe be as far 
as P, if the Tube be moved more ſwiftly, it impreſſes a greater 
Impetus, and raiſes it higher. , . - Me 
Thirdly, "tis manifeſt alſo, why, if the fcrew be leſs elevated: 
above the Horizon, that the warer aſcends the eaſier, I ſay, the 
eafier, that is, with leſs force and labour of him, or that which: 
turns the Cylinder : (for if the Cylinder being. turn'd abour 
with the ſame {wiftneſs, an equal quantity of water ſhould a{- 
cend, whether it be more or leſs inclinded,) the. reaſon is 
manifold: Firſt, becauſe when the Axes-A C are:more Elevated 
the weight gravitates more upon the prop of the Axis 'in A, 
but leſs upon the prop in C, bur if the Axis be leſs raiſed above 
the Horizon, or comes nearer to an Horizontal fite, the whok 
weight is diſtributed to the Props A and C with Jeſs inequality, 
from whence it comes to paſs that the Circumvolution or turn- 
ing abour is eaſier. Secondly, .and Chiefly becauſe the: entrance 
of the water into the Tube by the lower mouth D, reſiſts and 
ſtrives againſt the weight or preſflure of the water which is in 
the* whole Tube, and that weight or force of preſſure is nor 
compured from the quantity of. water which is in the Tube for 
that 1s-always the. ſame whether the Cylinder be more or leſs in- 
clined) bur 'tis computed from the,greater or lefler perpendicu- 
lar CB; therefore when the perpendicular CB is greater, the 
water exiſting within the Tube prelles more, and retiſts more the 
ENLET= 
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enterance of the water by the mouth D, ſince therefore that force 
or preſſure: ought tobe overcome by the power turning the Cy. 
linder, as often as the mouth D. draws new'water, '1t appears 
why the ſcrew being elevared higher-is moved” with more 
cithculty : Hence you may be ſatisfied that *tis falſe-that ſome 
ſay, that water therefore aſcends caſter by. a ſcrew leſs elevated; 
becauſe the way and acclivity of motion is leſſer; as if. water 
in aſcending by a plane more ſteep 15 alſo more wearied;which 
is fooliſh : Hence alſo it is, that a ſolid Globe is elevated 4lmoſt 
with equal facility through the Tube of the ſcrew, whether 
the Cylinder be more or lefs inclin'd; for in thiscaſe each rea- 
ſon aforeſaid ceaſes, and the ſecond reaſon ceaſes wholly, ſince 
1n each circumvolution of the Cylinder a new Globe is not 
raiſed, bur that only which is moved forward in the Tube: And 
the firſt, reaſon alſo hath ſcarce any room, if we ſuppoſe ithe 
Cylinder alone not to gravitate much upon-.the Prop*'or/ſtay 
on which the ends of the axis reſt upon. ke Sos 
And from hence it appears. why it cannot 'be determined, 
how much the inclination of the Cylinder ought to be ele- 
vated above the Horizon; tor this ought ro be confider'd: not 
abſolutely, but with xelſpect ro many-other things; and: chief. 
ly to. theſe three, to wir, to HO Velolhy-whereby the Cylinder 
is turn'd about ; for if it'be rurn'd about more ſwifily it may 
be more elevated, and nevertheleſs the water will aſcend 
through the tube. Secondly, ro the greater or leſſer adhe- 
rence of the water, or other Liquor, to the inward ſuperficies 
of the ſpiral rube ;, for, when this: adherence is greater, the 
water doth leſs gravitate upon the lower mouth of the- Tube, 
and beſides .it more eaſily contains the Impetus from the mo- 
tion of the Tube in that manner which is thewn a little before. 
Thirdly, and chiefly to the obliquiry of the winding compaſs 
of the Tube, for if the ſpiral or winding compaſles be thick- 
er and cloſer rogether, and more near each to other, the”"Tube 
will be.longer, and therefore the way and motion of the wa- 
ter longer before it comes'ro rhe upper part of che Tube, bur 
nevertheleſs by reaſon of the greater 'obliquiry of the ſpiral, 
the lower water gravitates Jeſs, and aſcends eaſter, and there- 
fore the Cylinder may be raiſed higher above the Horizon. - 
 According.tothe variety therefore of theſe circumſtances the 
inclination of the Screw may be'varied':' Notwithſtanding this' 
univerſal precepr*mult -be obſerved, to* wit, that the LI 
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A C be never elevated above C, to ſuch an height, thar the 
ſpiral of the Tube DE or IL or MN appear parallel to the 
Horizon AB; for the point of the Tube D ought to be high- 
er than E, and the point I higher than L, and ſo of the reſt; 
otherwiſe the water being in part of the Tube D E, will flow 
out ar the mouth D before it be moved forward any further 
in the Tabe. 

Fourthly, from what is faid, "that queſtion may be re. 
ſolved, to wit, whether or no 'tis moſt convenient to have one 
large Tube to turn round with the Cylinder, or many ſmall 
ones : Father Grymberger afhirms, that if one ſpiral Tube cir- 
cumſcribe the whole Cylinder, ſuch a ſimple ſcrew will pour 
out as much water, .as if there were many Tubes, and ſome- 
what more, and he aſlignes this reaſon, becauſe many ſpirals 
of 2 Tube by reaſon of their thickneſs which they muſt have 
ought to occupy more room in a Cylinder than the thicknetf; 
of one. Burt although this be moſt true, yer our queſtion is 
not whether more water may aſcend by one Tube only than 
by more; for example, unleſs three Tubes taken rogether are 
equal ro one other larger Tube, 'tis certain that greater plenty 
of water-may aſcend by that one larger Tube; but the queſtion 
is, whether or no ſuppoſing that thoſe three Tubes, be exactly 
equal to the Capacity of one larger Tube, and let the Cylinder 
be capable, that is fiited either tro the three {mall Tubes, or 
ro the other larger one, I ſay, *tis to be confider'd, whe- 
ther to make uſe of the one large one, or thoſe three ſmall 
ones ? 

And to this Queſtion I anſwer, It would be better to uſe 
three ſmall Tubes ( fo that they do not gravitate more by their 
weight on the prop ſuſtaining the Cylinder ) than one larger ; 
and not only becauſe ( as we have ſaid appears ) in the forc- 
laid experiment ) rhar they raiſe more water ; but likewiſe 
becauſe it aſcends eafier, and with Iz{s ſtrength of the power 
moving the Engin. The reaſon is, becauſe although the 
three Baſes of the leſſer Tubes be equal tro one Baſe of the 
larger Tube, and they are ſuppoſed all of an equal height, 
nevertheleſs ir gravitates or preſles leſs in the triple baſe, or. 
in the lower mouth of the ſmaller Tubes, than the water gra- 
vitates in one baſe only, or in the mouth of the larger Tube, 
and that therefore becauſe although the Capacity of the. three 
Tubes be equal to the Capacity of the one Tube, neverthclets 

Be | the 


258 Mechanmck Powers: Book IX; 
the inward ſuperficies of the three Tubes is at leaſt doubly 
greater the inward {uperficics of the one larger Tube, and ſince 
the adherence of the water is greater where the ſuperficies is 
greater to Which it adheres, and ſince it aſcends eaſier ard 
gravitates leſs upon the baſe when the adherence is greater, 
It appears to gravitate leſs on the baſes of the three Tubes, and 
in them the water aſcends more eafily. I add alſo, that the 
water is caſter drawn if it be drawn ſucceſlively by many 
Tubes by one circumvolution of the Cylinder,than if the whole 
be drawn with one turn by ore Tube. | 

From the forefaid greater adherence of the water of the 
{maller Tubes ir comes to pals alſo, that although the Cylin- 
der be turn'd abour with lets ſwiftneſs, yer the weight of the 
water Cannot 1{o eaſily overcome that adherence and fall back 
again downward, as happens in wider Tubes, which unleſs 
they are moved {wiftly the water by its weight eaſily gaes 
back more. | 

Hence alſo we eſteem it a thing not altogether impoſlible to 
ro make a {crew with fuch artifice, that by means thereof the 
perpetual motion may be obrain'd, for the aſcent of water or 
of other heavy bodies ſeems eaſieſt of all by the ſcrew. 

And that this motion may be rendered yet eaſter, ſome in- 
genious things occur to my mind which I believe may be 
made uſe of with ſome profit. 

The firſt is, when you pur one or rather more Tubes about 
a Cylinder, within each of which you may put cotten thred, 
extended from one end to the other ; for by this means the 
adherence of the water increaſes, and creeps along. more 
eaſily through the Tubes, although the quantity be leſs, alt 
one as if one large Tube were divided into many ſmall 
ONES. 


Fig. 166. The Second is, fince the rubing or wearing of the 


Poles of the Axis on the Prop or ftay on which they reſt, is the 


chicf impediment of all, to the Circumvolution of the Cylin- 
der, and fince there is a greater rubing and reſiſtance on the 
lywer Prop A, by the greater gravitation there than in B, the 
rubing may be hinder'd, it not wholly, at leaſt in great part, 
by aftxing a Wheel, or rather a Tympane CD, to the lower 
part E of the Cylinder A B, ' which 'Tympane mult be hollowed 
within or void, nor only the lower part D, by reafon of its 
lighinefs will fwim upon the water, bur alſo it will ſuſtain the 
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Cylinder, ſo that its Pole A within the notch of the Prop 
may be turn'd about without any reſiſtance. 

Fig. 167. The third is, that the Cylinder be made of lighr 
matter, for the lighter it is the eaſter *tis turn'd ; wherefore 
it will be ſufficient to fir the Tubes ſo, and to turn them abour 
in Spirals, that they will need no Cylinder to ſuſtain them; for 
ir will be ſufficient if in the extream heads of the Tubes, you 
fir two little Wheels AB, CD with their Axes fixed in the 
Centers. For unleſs they be very big and large, and the Cy- 
linder very long, they cannot eaſily be bent by the water, 
or by their proper weight, and eſpecially if they are made of 
rough matter, viz. of thin Iron plates cover'd over with Tin 
or Glaſs, &c. Or if you fear the bending of the Tubes, you 
may fit here and there in ſtead of the whole Cylinder, two 
or three rulers extended according to the length from A to C, 
and from B to D, which rules or Spears ſupport the Tubes, 
leaſt they bend in the middle. Likewiſe you may ſo turn 
about many {mall Tubes ſpirally, one immediately near to a- 
nother, that they being all united rogether, make one whole 
Cylinder, or rather a Tube, which reſembles a Cylinder made 
hollow within. 

Fourthly, If you defire to raiſe not Water but a ſolid Globe 
by a Pulley, you need not make uſe of a Tube ; two iron 
wyers turned about ſpirally parallel to each other, and faſtned 
to the extream heads in the Circumference of the little wheels 
AB and CD, will be fit for that purpoſe ; and thoſe wy- 
ers ought to be ſomewhat leſs diſtant from one anorher, than 
the thickneſs or diameter of the Globe ; for ſo the Globe will 
be derain'd within each wyer always in the lower parts of the 
Tom and will aſcend by degrees by thoſe ſpirals being turn'd 
abour. | 

Fig. 168, Alſo it may be made of two thin plates of Mettal, 
or of one only made hollow after the manner of a Channel or 
Groove ; yea, we have made a ſcrew fit to rake up a leaden 
Globe or Ball of an inch Diameter, of thick paper or paſtboard 
turn'd abour ſpirally, to wit, the Tube of them which com- 
poſe a Telleſcope we have cur ſpirally, ſo that the Globe is de- 
tain'd within the ſpiral cleft, and will aſcend by the ſame cktr, 
the Tube being turn'd about. Moreover one plate of metta! 
only may be turn'd about a Cylinder which aſcends ſpirally, 
and flicks out every where op the {uperficies of the Cylinder. 
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one or more inches, according, as the magnitude of the' Globe 
to be raiſed requires, and the plate muſt be of ſuch a breadth; 
as is the Diameter of the Globe, or a little more, and erc&ed 
perpendicularly upon the ſuperficies of the Cylinder, and one 
of its {ides faſtned to the ſame Cylinder ; then the Cylinder 
being elevated in an obh1que {ſite tO the Horizon ; for Exam- 
ple, in the ſite A B, and the Axis leaning or ſtaying upon its 
prop, the hollow plate of mettal D C is fitted under the Cylin- 
der, which remains unmoveable in the fame oblique fire, and 
then being diſtant a little from the ſpiral plate, fo thar as ir 
were, it is razed by the ſubjected channel or hollow plate be- 
ing turn'd about. Then if you place a Globe on this, and 
turn about the Cylinder, the ſpiral will move forward the 
Globe by that inclined Channel from D in E, and from E to: 
F, &@*c. | 

The ſame power or ftrength muſt be applied here, as a 
ſcrew hath to raiſe water, or another body, of which we haye 
ſpoken elſewhere concerning the common Screw ; for as you: 
{ce the mation or elevation of weight by rhis. fſerew of Archi- 
medes, is indeed a motion by an inclined plane, where thar 
univerſal principle always takes place, thar the increaſe of force: 
3s taken from the proportion of the velocity-of the power mo- 
ving, to the velocity of the weight moved:; wherefore, if for 
example, as in the preſent figure the ſpiral being four times 
rurn'd about, the Cylinder be 12 feer, and the Globe aſcend: 
from D to F, in the plane or inclined Channel D C. two. feer, 
the power as 2 may raiſe the weight as 12. | 

What we have ſaid hitherto concerning a Cylindric ſcrew, 
may” alſo be underſtood of a Conic ſcrew, for inſtead of a 
Cylinder we may ule a Cone to which the Tube may be ſpirally 
rurn'd about, as is Commonly known. And although fome 
prefer a Cone before a Cylinder, yer we ſee not any effect 
chat it performs better ;. therefore ſince a Cylindric ſcrew is. 
eaſier prepared, we may ule the fame moſt fafely, and perhaps' 
moſt prohtably, ar leaft in many caſes. 

Many other things occur which may be ſaid concerning this. 
Engin, which in our opinion are very Ingenious, for writers: 
have ſcarcely ſhewn any thing worthy of conſideration to 
Polterity in this matter although it be very» capacious, as may 
be calily underlto2d from thoſe things which .we have briefly 


thewn, with which we ſhall conclude this ninth and laſt FOO 
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Of Mechanick Powers. Giving all honour and Praiſe to 
that great Maſter of Arts, and Fountain of all Wiſdom, the 
Omnipotent God Blelled for evermore. 


I had here put an end to Mechanick Powers, but meeting 


with ſome new inventions relating thereto, lately publiſht in 


France by an. able Mathematician, which if put in practice may 
be uſeful and beneficial in Engins; I thought fit to add them 
by way of Appendix, and they are theſe that follow. 
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APPENDINX 
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BOOK X. 


Of Epicycloids, and therr ufe iz Mechanicks. 


Definitions. 


Fig. FF the circle ABD be rouled or turn'd about upon the 
5. arch Ab# of any Circle, the point D which is the 
extream or end of the Diameter A D, will by its mo- 
tion deſcribe the Line D 14, 15, 16, 17 d, which is 
Called an Epicycloid. 
Toe circle ABD is called the generating circle of the Epi. 
cyclotd. 
The arch A 6b 4 is the Baſe of the Fpicycloid. | 
If the generating circle roul on the out ſide of the circle of 
tne Baſe, the Epicycloid is called Exterior, or Outer : But if the 
generating Circle roul on the inſide of the circle, the Epicycloid 
13 Called Interior, Or Inner. 
The ſpace contain'd by the Eficycloid, and by its Baſe, is cal- 
9 the ſpace of the Epicycloid. 
The 
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The Dimenſion of the Space of the Epicycloid. 2, oC 
Lemma 1. o a 
Fig. ET the Semicircle be A P p B, whoſe diameter is A B, g he Xb 
170. Ky and its centre K; having drawn the line P p Parallel pie ſet 
ro A B, and meeting the circle in the points P p, from any _ routake 2 
point C of the diameter A B drawn longer, draw the lines C ÞP, - dk 
Cp; PU: 
þ I ſay, the ſum of the right lines C A, C P, is to the ſum Tapezia f 
of the right lines C B, Cp, as the ditterence of the right lines But by 
CB, Cp is to the difference of the right lines C A, CP; or 00 the 
clic, which is the ſame thing, ' the Rectangle made-of-the ſun1 (4,CB 
of the lines C A, CP and their difference, is equal to .the AD; v 
rectangle made of the ſum of- the lines CB, Cp and heir be equal 
difference. jHIbWi 
hemſelve 
Lemma 2. 
Fig. 171. In the Triangle CAV if the right linesP X, p G, 

B M being parallels to the baſe A V, cat the fide CA, fo thar Fe, 17 
the ſum of CAandCP, be to the ſum of Cp, CB, as the tnided i 
difference B p the Segment of the laſt, is to the difference PÞ A FFGB 
of the firſt. od ined 
I ſay, that the Trapezias M p, A X are equal between them- "Y 
ſelves. | | by tu 
| Lemma 3. ; | G:.ard le 

Ab2 equ 

Fig. 192. Let the Semicircle be AD EB, and on its diame- te 
ter A B prolonged or not proionged, let the point C be taken, - = | 
and draw any right line D E Parallel to the diameter A B Centre 
which meets wich or touches the circle in the points D, E;. be mix 
From the Centre C, with the Semidiameters C A, C D, CE, tunder 
CB, deſcribe the arches of circles AF, DPG, Ep H, BI, illwing 
which meet with any rightline as CF drawn from the centre becaul 
C, in the points F, G, H, I. lth Mi 
Iſay, that the fourſided mixt figures A FGP, p HIB are Mich y 
equal between themſelves. Merefore 
vag, 
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14.1 | Demonſtration. 

Make the right line A f equal to the arch A F, which mult 
make with the diameter C A, the right angle C Af; having 
drawn C f, draw alſo the right lines P g, p45, Bz, parallel to 
Yr 0 evident by conſtruction that the triangle C A F is equal 
ro the Seftor. CA F: Inlike manner, the Triangle CP g is equal 
to the ſector C PG, wherefore if from theequals C Af, CA F, 
you take away the equals C Pg, CPG, the remain will be equal, 
to wit, the Trapezia AP gf, and the four fided mixt figure 
APGF. We may demonſtrate in the ſame manner that the 
Trapezia p h i B, is equal to the mixt figure p HI B. 

Burt by the firſt Lemma the ſum of the right lines CA, CP. 
is to the ſum of the right linesC p, CB, as the difterence of 
C p, CB which is pB, is to the difterence of C A, CP, which 
is AP; wherefore by the 2d. Lemma the Trapezia A fg p will 
be equal to the Trapezia p 47 B, and the mixt figures A F G Þ, 


> HIB which are equal to the Trapezias are alſo equal berween 


themſelves. 


Lemma. 4. 


Fis. 173. If the circumference of the Semicircle A B D be 
divided into equal parts between themſelves in the points 
EFGBHI, &c. and the number of theſe parts be even 
and indefinite, and on the diameter A D prolonged or not 
prolonged you draw from the point Y as a centre the arches 
of a circle, whoſe radius's are the diftancesYA,YE,YF, YG, 
&c.and let the length of the arch A 4 deſcribed by the point 
A bz equal to the circumference of the Semicircle ABD, and 
let the Arch A 4 be divided into as many equal parts ef's h as 
15 in the Semicircle A B D : Then having drawn the Rady from 
the centre Y to the diviſions ef'g bb, &c. then you will have 
the mixt four ſided figure A D X 4 divided into an indefinite 
number of little mixt four {ided figures which will have the 
following properties. 

Becauſe the equal diviſions of the Semicircle may be drawn 
by the points of diviſion of the right lines KE, 1 F, HG, ec. 
which will be parallel to the diameter DA of the circle ; 
thercfore by the 3d. Lemma the four ſided figures 4 y R& 


3 


X 2 4.4, Will be equal between themſelves being equally re- 
: movect 


264.  Mechamick Powers. Book d« 


moved ſrom the extreams: Bur alſo'thoſe which are contain'd 


between the ſame circles will be equal between themſelves, 
becauſe of the equal diviſions of the arch Abd; wherefore 
the 4 fided figure A e Er will be equal to the ſided figure 
RX 24 4. 

| ie ney demonſtrate in the ſame: manner that the 4, ſided 
figure 2 X 4 tis equal to the 4 ſided figure 43 fkorAe18 q, 
and ſo of the reſt. 

'Tis evident in each Sector, as Y X4 orY 4 &, that the 
four ſided figures are equally removed from the extreams, as 
2 X and 3 « are alſo equal between themteives ; for the 4. ſided 
figures X x and 4 « are equal, the 4 {ided hgures X 7 and 4d s are 
alſo equal by the foregoing Lemms : Wherefore if the greater 
be taken from the leſſer, the remains which is the 4 ſided 
figures 2 x and 3 « will be equal, and ſo of the reſt, 


Lemma, 5. 


The ſame things being pur as before and in the ſame figures, 
if you draw the diagonal line DLMNO 4, compounded of 
an indefinite number of {mall right lines, which in the 4 fided 
figure ADX4, divides in -two diagonal wile all the ſmall 4. 
tided figures, which are in the diagonal from the angle D even 
to 4, as appears in the figure, by the lines DL, LM, M N, 
N {), &Fc. | 

I ſay, that the 4 fided figure ADX 4 is divided in two, 
cqua!ly by the diagonal D OQ 4d, | 

'Tis nor ditfhculr at all in this place, to grant that the ſmall di- 
agonals which are from right lines, divide in two equally their 
particular quadrilaters, or 4 f{ided figures, and that the differ- 
ence which is between rhe crue diviſion and this,is not found con- 
ſiderable, and ſeeing we may always find a leſs magnitude than 
any given, becauſe that the quadrilaters whicly are divided, are 
ſuppoſed indefinitely ſmall as is commonly accepted in the uſe 
of Indiviſibles. | | 

Now by that which is demonſtrated in the precedent Lemma, 
"tis evident that the Quadrilater A La is equal to the quadrilater 
X R; In like manner the Quadrilater e M is equal to the Qua- 
drilater 4 Q ; the Quadrilater f N-equal to the Quadrilater 5 P, 
and ſo of the relt, 
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Wherefore all the like Quadrilaters together on One fide 
of the Diagonal DEM N OP, &c*.: wilt be equal to all the 


Quadrilaters on the other: ſide.” Burt the line DLNOP#4 


which divides diagonal: wiſe all che ſmall Quadrilaters which 
are in the diagonal, is ſuppoſed tro divide alſo in two equally 
all choſe.quadrilaters. ; therefore this diagonal, which may 5e 
conſider'd as a'crooked line, divides equally in two all the grear 


Quadrilater 'A D'X d.3;*which was.to be Demonſtrated. 


. © "Scholium. -- 


If we ſuppoſe that the- point Y which is taken on the dia- 


meter AD is infinitely lengthned from the circle A BD, there 


may be: right lines perpendicular re the Diameter A D, in 
ſtead of the Arches of circles,-; which pals - through the points 
D KIHA, of which A. 4-i$-one, ; which is pur. equal to the 
circumference of the Semicircle A B D, -and which is divided 
into ſo many equal. parts, as: is: the Circymference A BD ; 
and laſtly, inſtead of the mixt Quadrilaters, or 4. ſided figures, 
as: thoſe before, you will- have Parallelograms, ' which being 


equally: removed from the Extreams, will be ;equal between 


themſelves,::and thence it follows: likewiſe-that; the -diagonal 
which divides diagonal wile all the little Parallelograms, which 
are from-.one angle to the other, ' will divide the whole grear 
Parallelogram into two equally. }. | 


Lemma 6G. 

Fig. 169. The ſame ding being'put as before, if you make 
the Semicircle A B D'to ſet forward, ſo that the diameter A B 
be placed on the part e8 of rhe Radius Y 8 e, and that the 
point 'A agree with the point e;, *tis evident that the point / 
of the diameter will agree, or be in the point L of the Radius 
Ye; Moreover if we make it to paſs*even to: the: Radius Y f, 
and'thar-the point A fall on'the- point f, the ,whole diameter 


AD: will- agree with the -right line f 9, the point m2 of the 


diameter of. the circle-A D B will agree with the point M, and 
fo of the reſt : Whence *tis evident, that all the points of rhe 
diameter A D, as D/m n, &c. delcribe the diagonal line 


\ 


M m D emun- 
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Demonſtration. 46:50 FOOT 
But if inſtead: of removing the circk A FD, we-concieve it 


to rout on the baſe:A b:4; when rhe: potnt E of - the citcle is. 
come to e,' the diameter of the circle' E 10, will' be: joyned: 
with che right line e 8, for by. the Hypotheſis the arches AE, 
A e arecqual in length; and from he ſame, when the point F 
is come. to f,. the diameter. F rr will.be joyned to rhe diameter. 
f9,. and. ſo of the reſt:; Bur: F :you mark. the: diſtances: A 1, 
Am, An; onevery diameter, as-E x2; F 13, ec. itis evident, 
that while-the circle A'B D rouk8-6n the baſe A b 4, the points: 
I mn 7p q of. every diameter meet: one another in the diagonal. 
line DMNOP4: For when the point. A- of the circle is. 
come to e, the point 12 on the diameter E. 10 wilt be in L, 
becauſe thar-the diſtances to, x2, Dare equal; . and: by the. 


fame reaſon the point 13: wilt be in M, &«.. | 
Bur thoreover, when'E'16-is placed one 8, and the point 12 


on:the point: L, the point D of the circle A:B D will be in the. 


point. 14. on the arch / 14 z:: For the Semicircle 8, 14, e re- 


prefents the Semicircle E D 10 ; and as the arch 10D is equati 
to the arch D K by. Conſtruction, when the point 10 by: the.. 
' movement 'of-the Circle. is. come. to the point 8, rhe” point -D 
will of neceſſity be. or the point: x4 in the arch-L KL r4. z ;:{0- 
that: the portion L 14 of this arch: will be equal to: the Portion 
L K of the fame arch: -Inilike manner, when the 'poiiit. 1 x 'i8- 


come to the point 9, the ſame point-D.will be on the point 15 
in the arch 1M 15, ſo that.the. arch M 15 will be. equal to the: 
arch mm 1, &c: | | 


ICY 7 7-7 1-7 oP 
Fig. 


the-generating ſemicircle A:B D. 


4 


Fig. 173: L have ſhewn before-thar-thie line DM O.Q# di- 


vides..the » mixt- quadrilater.” A b:4 X-D:\ih two equally; it re- 


mains. then tro 'demonſtrate that: the, ſpace D L © Q;# x7, 16,. 
15, D, contained by the line D M O Qi, and by the half of: 
the Epicycloid .D, rg, 16, 17,4, is equal-to the-generating ſemi- 


ciicle D B A. 


By conftruQtion, the whole generating ſemicircle.is divided. 
into mixt* Quadrilaters, as #/ ii n, and. into two. trilined, Or - 
3 lined: 


"Book +, 


| Puiche precedent. Figures 'fis demonſtrated that. the f Pace. 
r69.k. of the moiety, or halt of the Epicycloid, A b d 17, 16, 15,. 
D, is equal:to the half ofthe Quadrilater. Ab 4X D, joined to - 
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; lined figures DK 7, 7 E A: But alſo the ſpace DMOQ #4 
17, 16, 15, 14, D, 18 divided by the fame circles deſcribed from 


the centre Y, into ſo many 4. ſided, and z ſided ( or ; lined) 
figures, as arein the generating ſemicircle ; ſo that the arches 
of .every Circle contains ſo much in che generating circle 


which in the ſpace are equal between themſelves, as the arch 
M 15 in the ſpace is equal to the arch M / in the ſemicircle, 
which is evident by the formation of the Epicycloid.: Where- 


fore the mixt Quadrilater, as L 14 15 M in the ſpace is equal 


to the mixt quadrilarer LK /m in the ſemicircle, for they 
have the ſame -breadrh, and are incloſed in equal arches : Bur 
each of theſe Quadrilaters equal in the circle and in the ſpace 


being. conſider'd' as Indivifibles of the one and the other, it 


will follow that the ſpace will be equal to the ſemicircle; which 
was to be demonſtrated. 


F cholium ; 


Keeping to the ſame Demonſtration, if we ſuppoſe that the 
point Y 1s infinitely removed from the baſe A 4, which baſe 
1s a right line in this cafe, and the Quadrilater A4XD is a 
retangle, which 1s then 'equal to. the generating ſemicircle 
ABD taken 4. times, as appears by its generation : Where- 
fore the ſpace A b4@ 19, 16, 15, D, will be equal to the ſemi- 


Circle A B D, taken twice together with the ſame ſemicircle 


which-is equal to a ſemicircle taken.3 times; the line 4 16 D 
in this caſe 1s called.Cycloid, ot Trocbojde, and ſometimes a little 
wheel. 79 pe 


PROPOS. Il 


ff 2g {pace of the outer Epicycloid is to its generating circle, 
& as 3 times the diameter of the circle which is the baſe, 


together with 2 times the diameter of the generating citcle to 


the diameter of the circle of the baſe. 
Bur the ſpace of the inner Epjcycloid is to its generating cir- 


Cle, as 3 times the diameter of the circle which is the baſe, 


leſs 2 times the diameter of the generating circle, to the dia- 
meter of the Circle, which is the baſe. 


_—_ Of 
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The Dimenſion of the Lines of 
Epicycloids. 


of the touching of Ppicycloids. 


Kemma' I.. 


Fig. 1 hs 

other outwardly in F. Having join'd the cen- 

tres K C by the right line E K C: which the, 

contact, or touching F ;. from rhe extream E of the diameter 

FE, draw a right line E B, prolonged tothe. other circle in H. 
I f 1y, that the arch F H is greater in length than the arch FB. 


Lemma. Y. 
Ler the 2 circles be EBF, F HI, which touch each other in F, 


irom the centre K of one of the. circles draw the line K B I;. 


meeting them both in B and in IT.” 
1 ſay, that the arch.F H li is greatcr : In. length than the arch FB.. 


Fr, 0 ORE 0s [. 
Problem; _. _.. | 
7 o find the point of C ontad, or touching of the outer Poieychidd. | 


Fig. F. Et the outer E :cycloid be G H M;. whoſe baſe is the 
L75. L circle G A, deſcribed fromthe centre'C. And ler the: 
generating Circle I'8 A'D of rhie' Epicycloid be 'placed in 'ſuch 
manner, that the deſcribing' poine* H- be: on'+the Epicycloid in 
that point in which the touching is made : If by the centre 
C of the circle of the baſe, and by che centre O of the genera-- 
ring circle you draw the right lite CA O1, and by the ex- 


tream 1 of the djameter A I you. draw the right line I H to: 


the: potat H.. 

I fay,. the ; ght, line” I H ronches the Epicycloid inthe. 
ROLE. H.” | 
| Femina... EN = 

Fig. T0 Tot the two circles be FAE, FRD which touch 
each other in F, having their convexities of the ſame fide, and! 
that the centre C of che Circle. F R D- be;out of the diameter F E 
of the circle. F AE ;. having, drawn a right line E A I from 
the extream or end E of. the diameter F E, which cats the Cir- 


ce FA E in the point A, arid the'ctrcle F R D in the pane. 
ays 


, 
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Et the circles be EBF, FH which ROBY each: 


s by the point of 


Ti 
midian 
tequ 
at the 
rerior ( 
fort, ar 
rcle 15 
the fa 

Peneral 
df the E 
Penerat 
krence 
meter 
hedk of 
Krating 
he haſ 
(eas 
lhe af 

by, 

the j 
Circle ] 


the poj 


(of 


02A. 
bby 


eg 


Ne Cen- 
Wint of 
amecer 
Mem H, 
ach FB, 


Ti0f, 
e KBI, 


1308 


ejelotd, 


aſe 1s the 
nd let the 
in {uch 
hd in 
he Centr 
peners 
r the a: 
\e | 510 


1 jn tl 


tou 
(der 
| eleſr [ 
\ [7 (105 
l5 tt ( 


y01ot P. 
| [1 


Book X. 


Mechanick Powers: 269 


I ſay, that the arch F RD is more in length than the arch FA. 


Lemma 
Fig. 177. Let the two circles be FS, F R which touch in F, 
and: that have the convex parts of the ſame fide, and ler the 
centre C of the greater be on the diameter of theleſter lengrh- 
ned; if you draw the line C R D from the centre C whictr 
cuts the 2 Circles in R and D: ” | 
I fay, that the arch FR of the leſler is- greater in length 

than the-arch F D of the greater. 


PROP-US: I. 
To-find the touching of the inner Epicycloid.. | 


An Advertiſement. 
8 a are three kinds of inner Epicycloids ; the firſt is when: 
the Diameter of the generating circle is lefs than the ſe- 
midiameter of the circle which is in the baſe; the ſecond, when 


*ris equal ro it ; and the third, when'tis greater ; we have ſhewn 


at the end of the Dimenſion of Epicycloids, that is among the in- 
rerior or inner, thar thoſe that are of the firſt. and third kind or 
ſort, are the ſame; for that whoſe diameter of its generating 
Circle is leſs than the ſemidiameter of the circle of the Baſe, is: 
the ſame as.that which on the contrary, the Diameter of its- 
generating Circle is greater than the ſemidiameter of rhe circle 
of the Baſe, if the circle of the baſe is the ſame, and that the 
generating Circle of this Iaſt, have its diameter equal 50 the dift- 
ference which is between the diameter of the Baſe, and the di- 
amerer of the generating circle of the firſt; wherefore I ſhall 
ſpeak only here of thoſe Epicycloids, whoſe diameter of the ge- 
nerating circle, is leſs than. the ſemidiamerer of the circle of 
the baſe. For that which 1s, of the ſecond kind: of inner Eps- 
cycloids, *tis a. right line equal-to- the diameter. of the circle of 
the baſe. Vi | 

Fig. 178.. Let the inner Epiczcloid be M. H, whoſe baſe. is. 
the circle AB M, and its centre in C, and let the generating. 
Eircle I H-A of the. Epicyctoid, be. fo placed: on the baſe, thar. 
the point deſcribing H be on the Epicycloid,. From the centre 


--C of the baſe having. drawh theradius-C A ro-thepoint:touch- 


ing A of the:generating circle. with: the baſe;, which: paſſes. al- 
f©.by the centre of the circle. [ ſay: 


\ 
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I ſfay,that rhe right line I H drawn from the extream Tof the 
diamerer of the generating Circle- to the deſcribing point H, 
will couchthe Epreycloid 1n the ſame point H. 


Lemma 5. 


Fig. 179. Let the ſemicircle be ST AR, whoſe diameter 
iS SR, and let the circumference be divided into any number 
of equal parts that you pleaſe, fo they be even. From the 
points of Diviſion having drawn the perpendiculars to the dia- 
meter $ R, and the touchings as T B which are terminated at 
the neareſt perpendiculars which are beneath. 

[ ſay, that the ſum of the touchants, as T B, without coun- 
ting thekirſt which is infinite being drawn by the point S, and 
the laſt; is greater than the circumference : of the ſemicircle, 
without counting the firſt and the laſt arches of Diviſion. 


Lemma 6. 


The ſame things being pur as 'in the precedent Lemma, it 
may be demonſtrated, that the diviſions of che circle being in- 
<defhnuely ſmall, che ſum of the Touchants cuting as thoſe be- 
fore, withour having regard to the firſt and laſt, differ nor'ſen- 
ſibly from the circumference of the-circle, leaving out the firſt 
and laſt arch of Diviftion. i as 


Lemma 7. 


The ſame things being as before, it may be demonſtrated 
that the ſum of the parts as A B which are cur off from the 
perpendiculars of the Diameter of rhe circle, between the cir- 
cumference A and that 'which is cut off B of the upper tou- 
 Thant T B, which is the neareſt, 'may be found leſs than any 

ſmall-quantity which may be propoſed, iand” by conſequence 
the points as B, may be conſidered as on the circumference of 
the circle. 


Lemma $8. 


_ Fig. 180. In the circle DH B whoſe centre is..C, and the 
rouchant.D A in D, terminating in the Radius CBA length- 


ned 5 


4 
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ned ; having divided the arch D B in two equally in H, and 
having drawn C H G terminated. by the touchant D A. 

I ſay, that the double of the rouchant D G, or which 1s the 
ſame thing, that rwo couchants rogether D G, H R, touching 
in the points D and'H, and terminating at the radiufſes C G, 
C A, are greater than the arch D H B, but that the difcrence 
of theſe ſame rouchants from the arch DH B is left I:\{s chan the 
half of the difference between the touchant D A and-the ſame. 
arch D B. | 

But as in the continual Biſe&tion of arches, we may demon- 
ſtrate always-the ſame thing, it follows. that we may find a- 
ſum of tonchants terminated at the Radi1j, which paſt through 
the points- touching the next following, which will differ from: 
the circumference of. the ſemicircle leſs than any quantity 
propoſed; and by conſequence theſe touchants may be con- 
{idered- as. the arches. of the circle in a diviſion: indefinitely 
finall. 

Lemma 9. 


The ſame things being as in the precedent, I fay, that the 
ſum of the portions of the Radiy H G, B R, contain'd between 
the rouchants and the circle is leſs than the moiety or half of 
the portion B A of the Radius contain'd between the circle and 
the touchant D A; and for as much as this diminution which 
is augmente@more than halt, will-be always by the continual: 
biſeCtion of Arches, 'tis evident that we may find a quantity 
which will be the difference of the Radij between the touchants 
and. the circle, which. will be lefs than any ſmall quantity pro« 
poſed; whence it fullows,that-in the diviſion of the circle into - 
indefinite ſmall parts, the meetings of the touchants with the- 
Radij may be confider'd as if they. were. on the circumference 
of.the circle.. 


'Tis ſfaid'in the 6th. Lemma, that- in the diviſions of a Circle 
indefinicely ſmall, the portions of the: circumference differ nor: 
ſenſibly from. the rouChants, being leflen'd by the method pro- 
poſed ; and that theſe trouchants may be taken for the. arches of. 
the.circle, we may now demonſtrate the ſame thing in the Ept- 
cycloids, and in the Cycloids. DD ET 

az Lammes 


\ 
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Lemma' 11. 


Fig." 181. 'The ſemicircle B D A being divided into parts 
indefinitely ſmall as D F, and by the points of diviſion as F, 
having drawn the lines M F Z perpendicular to the diameter 
A B, and by the extream B of the diameter A B, and through 
all thoſe points of diviſion as D, having drawn the right lines 
BD M terminating in M in the perpendiculars M F the near- 
elt to the lowelt. | 3, Et 

I fay, thar. the ſum of all the portions, as D M of the lines 
BD Main the ſemicircle, is equal to the double of the diame- 
ter A B. 


PROPOS. IM. 


J Say, that the' bigneſs of the crooked line of the outer Epi- 
cycloid is equal to the right line, which hath the fame rea- 
{on or proportion to the diameter of the generating circle ta- 
ken 4. times, as the ſum of the diameters of the two Circles, to 
wit, of the generating, and of that of the baſe, to the;diamerer 
of the Circle of the baſe. | Es en ET rr  TOnnh 
PE0OFD 8 AIV. 
Fxa4He crooked line of the inner Epicycloid is *equal to the 
right line, which is to 4 times the diameter of 'its gene- 
rating Circle, as the difference of the diameters of 'the circles 
of the baſe and of the Generatour, to the diameter of rhe cir- 
cle of the baſe. NL SY P07, 


FR 0AXUS3-V: 


Fig. oak | the firſt place, I ſay, that when the Diameter 
of the generating circle is equal to the dia- 
meter of the circle of the baſe, the Epicycloid degenerates into 
a right line ſince, 'tis nothing bur the diameter of the circle. 
Secondly, If the diameter AB of the generating circle of the 
"inner Epicycloid, is greater than the ſemidiameter CB of the 
Circle of the baſe, bur leſs than the whole diameter ; .I-fay, 
that the inner Epicycloid -is the ſame as that 'which-is' _ 
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bed by the circle D E F, whoſe diameter D E is the difference 
between the diameter A B of the generating circle, and the 
diameter G B of the circle of the baſe, and the diameter D E 
will be leſs in this caſe than C B, we may find the bigneſs of 
this Epricycloid by the 4th. Propoſition. | 

Thirdly, if the generating circle have its diameter greater 
than that of the circle of the baſe, the Epicycloid which will be 
deſcribed by the generating circle will be an outer Epicycloid, 
which will be the ſame as the Exterior which will be .de- 
ſcribed on the ſame baſe, by another circle whoſe diameter 
3s equal to the difference of the diameter of the generating 


circle and of that of the baſe. 


Lemma Tt. 


What is ſaid at Lemma 11. touching the likeneſs or propor- 
tion of DQ to D M towards the parts of the baſe of the Epicy- 
cloid, will be the ſame as for the parts above the point D. 

This Pwpoſ. is evident, fince we may make the triangles alike 
with the parallel lines on both ſides the point D, as appears in 
the Figure. | | 


Lemma 13. 


Fig. 183. Let the Semicircle be A M CI, whoſe circumfe- 
rence divide into parts indefinitely ſmall as CI, I X, from the 
points of diviſion CIX having drawn the perpendiculars C B, 
IE, XRto the diameter A M, and the Chords AC, AI, A X, 
which meet with the Perpendiculars of the neareſt diviſions 
from above to the points FR. 

I ſay, in any Segment of the circle which you pleaſe, that 
all the portions together of the Chords, as C F, I R, contain'd 
berween the circumference of the circle and the upper perpen- 
dicular, are equal to the double of the Chord A C; and by the 
lame reaſon all the portions taken together in the ſemicircle, 


are equal to the double of the diameter, which is alfo the 
Chord of the Semicircle. 


PROPOS. 
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PROPOS. VI. 


Fig. FN the Epicycloid P D, whoſe top is P, and any arch Þ D: 
134.4 from its top, the generating circle BD A being put {. 
that the deſcribing point be in D, and that the diameter A K 
B in this Poſition tend to the Centre C of the bale. 

_ I ſay, that if we make it, as C A the radius of the baſe, is. 
ro C K compoſed of the Radius of the baſe and of the-Radius of 
the generating circle, ſo the double of the Chord B D of the 
arch BD of the generating circle which anſwers to the arch: 
PD of the Epicycloid, is to. a fourth Proportional, that line: 
will be equal to the arch Þ D of the Zpricycloid. 


Of the motion or rouling of Epicycloids,and of the Cycloid.. 
| Lemma. 


Fig. ET the line DTEB be always. crooked on the ſame 
185. ſide about which apply a flexible line ; if we open: 
or unfold part of this applied line, fo thar its part A B betwen 
its extream A and the curve in B be {tretcht our, then by con- 


ſequence it will be a ſtreighr line. 
I ſay, that the right line A B touches the curve or crooked: 


in the point B, from whence it begins to extend it ſelf. 

The line deſcribed by the end A of the ilexible line which: 
is-always ſtretchr out in its opening, is faid to be deſcribed by 
the rouling of the curve D T FB. 


PROPOS. I. 


The Line deſcribed by the rouling of an Epicycloid, is an 
Epicy cloid. ET EEE 


Fig. A T the Epicycloid be B'DL, its generating circle FD E, 


256 its Cenrre Þ, and whoſe circular baſe is AEL and 
the centre C, the top of the Epicycloid let be the point B, _ 

If from the centre C and the Scemidiamerer C B we deſcribe 
the circle B F M, which let be the baſe of the Epicycloid B G K, 
whoſe generating circle will be F GH, which has for its dia- 


meter FH or B1, which may be determin'd by ſaying, as CA 
19. 
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isStoCP, fois 2EFor 2-AB, to a fourth proportional E H 
or AI; and having taken from AI the diameter A B of the 
generating Circle, there remains BI or F H, which will be 
the diameter fought. _ Es : ; 

I fay, that the Epicycleid B G K is deſcribed by the Rolivg 
of the Epicycloid B D L. By conftruCtion, and by the prece- 
dent Propoſitions of the dimenſion of the lines of Epicycloids, 
ir appears that the Curve of the Semi Epicyc/aid B D L is e- 
qual to the right line A I or L K. | 

Now let the fiexible line be fitted about the Semi-epicycloid 
B D L, of which the portion from the: point D even to the top 
B will be extended in the right line D G ; this right line D G, 
by the precedent Lemma touches the Epicycloid in the point D; 
Wherefore if we put the generating circle of the Epicycloid 
in the poſition F D E, or the deſcribing point being in the poinr 
D; it is certain by the property of Touchants of Epicycloids thar 
the right line D G touchant, paſles through the extream F of 
the diameter E F, in the poſition F DE of the generating 
Circle. 

Having prolonged CE F to H in the circle 1 HK concen- 
rrique in the circle of the Baſe, which is deſcribed on the 
Semidiameter C1; on F H for a diameter deſcribe the Semi- 
circle F g H. I have demonſtrated that the extream G of the 
flexible line ſtretcht out fromthe point D, will be on the circle 
F g H. 

it the point G is not on the circle F gH, and the right 
line D F G meet, if it may be the circle F g H in any point g ; 
then draw Hg; becauſe of the Semicircle F g H, the angle 
F g His right, and the reCtangled Triangles E D F, F gH will 
be like, becauſe of the equal angle at the point F. Wherefore 
EF will bectoFH, as FDto Fg; and being compounded, E F 
will be to E F more FH, that is EH, as DF to D F more 
Fg, that is Dg; and by doubling the Antecedents 2 E F or 2 
A B, they will betoEH or Al, as 2 FD toD g. 

By Prepoſ. the 6th. of the dimenſion of Epicycloids, and by 
conſtruction; as 2 AB are to AI, fo CA is to CP : But as 
CA isto CP, ſo is the double of the Chord DF to the 
bigneſs or Magnitude of the portion DB of the Epicycloid, 
which portion by the roling is equal to the right line DG: 
Wherefore by equal reaſon 2 A B areto Al, as 2 DF are to 
DG. But I come to demonſtrate that 2 AB areto A 1l, as 2 

Nan2z F D 
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F DaretoDg; then 2 D'F are toDG, as2 FD are roD 7x, 

and. by conſequent D G will be equal to D g: then the point g 
1C 
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of meeting of the right line D F G, and of t 


. Circle F's H,will 
be the extream G of that, line. 


It remains now to. demonſtrate that the point Gis in the 


 Epicycloid B K, whole generating: circle is F G H.' +By 'con- 
ſtruction C A, 1s'to CP, as 2 AB are to A I; by dividing, 
CAistoCPlisCAthatis AP, asz ABroAI kf2AB; 


bur by doubling the Conſequents, CA is to 2 AP which is. 


equal ro A B, as to 2 ABro2 Alles, AB; and by com- 


pounding, CAisto C A more AB that 5s CB, as 2 AB to 


2 Allecſs 4AB more 2 AB, thatise AI leſs z AB, or only 
2 BI, as it appears in the fgure. 
But in taking the halt of the Terms of the laſt -proportion 


CAistoCB, as AB tro BI: But allo as CAistoCB, fois 


the length of the arch A E to the length of the arch BF. 
Now by the generation of the Epicicloid BD L, the arch of the 
bafe AE is equal in length to the arch of the-generating cirele 
FD; but becauſethattherwo circles FDE F GH touch exch 0- 
ther in F, the lineD FG cuts the rwoarches alike FD, F G,whoſe 
lengths keep between themfelves the ſame ratio or proportion as 
thoſe of the'Chords FD, F G.,.or thoſe of the diameters FE, F H: 


Then the arch F D is to the arch F G, as FEto FH; or as AB 


to BI, which is aiſo as CAto CB, or as the arch AF to the 
arch BF: But the arch. A E is equal co the arch F D; then the 
arch B Fis equal to the arch F G of the circle FG H, and by 
conſequence the point G is that which deſcribes the Epicycloid 
BGK; which was to be demonſtrated; 


For the inner Epicycloids we may demonſtrate the fame 
thing, only changing the form of the proportion : And for 
the Cycloid "ris eaſy to behold by the ſame demonſtration, that: 
the line which is deſcribed by its roling, is the Cycloid equal ro: 


that which is roled. 
Corollary T. 


Hence it follows. alſo by Hyporheſis that the 3 lines CA, CB 
C I are continual proportionals: For CAis toCPastwo AB 
io Al, in dividing and doubling the Confſequents, C A will 
hero 2 CPleſs 2 CA, as 2 AB 102A 1 leſs 4A B: Bur 2 
C Pleſs 2 CAare equalto 2 APorto AB;'andas 2 AB ro 
2 All: 4AB,ſoAB to AI leſs 2 A Bz wherefore C A is 
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0 ABasABroAT leſs 2 A B: Butin compounding, C A is to 
C A more AB which is equal. ro CB, as AB to A B more 
Al leſs 2 A B, which is equal to BI; and by Altern propor- 
tionCA is to AB, as CB to BI; liſily, beirg. Compounded 
CAisro CA more A B which is-equaltoCb, as C B to CB 
more BI which is-<qual to CI. 


Corollary 2. 


'Tis evident as yet that the line which is deſcribed by the 
roling of a circle, is the laſt of all the outer Epicycle:ds, that is 
ro ſay, that whoſe centre, of the generating circle is at an 
infinite diſtance; or that which' is deſcribed by the end of a 
right line which roles-about a circle jn the Touchant, which 
doth agree with the roling of the circle. 

'Tis eaſy to demonſtrate that the ſuperficies of the figure of 
this kind of Epicycloid, when the deſcribing line runs over the 
whole Circk of the baſe, or that it comes again to the fame 
thing ; The figure deſcribed by the roling of the whole circle, 
without comprehending the circle which makes the roling, 
is equal to one third of the circle , which hath for Radius the 
circumference of the circle of which the roling is made. 
What I ſay of the: whole circle, the ſame is inter. ded of every 
part of this Figure. For the figure deſcribed by the roling of 
any arch of a circle, without comprehending any thing of 
that circle, is equal ro + of the SeCtor of a circle,. which has 
for Radius the circumference of that arch, and of which the 
arch is like to that of which the roling is made; It will be alſo 
the ſame thing, for the roling of a greater arch, and of the 
whole circle. For that which is the crooked line of this 
Epicycloid, or of: that which is deſcribed by the roling of an 
whole circle or of any arch, which ſhall be always. equal to 
half of the”circumference of the circle or of the arch of which 
we take + of the ſuperficie, for the ſuperſicie of the Figure de- 
{cribed by the roling, 


EF ROETR tis 
Of the uſe or advantage of Epicycloids ix Mechanicks, 


Fip. WD the right line A D be a determined length, and. 
137. movable on a Plane about irs extreanr. A ;, and on the 


lame plane. let there be another right line C B, indeterminate 
towards. 
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towards B, and movable on the plare abour its extream C: if 
the Extream D of the line A DisledintoE and R, by the line 
CB, which moves it {elf on the point C. 

I fay, that if the lines A D, CB, be placed on the line C A 
which joins the- Centers of movement, and the points D and 
B be put one upon another, there will be rwo powers equal 
between themfſeives, which will act with all their force on their 
lines in the points D and B, thar 1s to fay, ( with direQtion ar 
right angles ) theſe powers will bein Equilibrio; bur if the lines 
change theic poſition, as A Dinto AE, and CB into CBE, 
the Powers equal to X being applied always.in the ſame man- 
ner to their lines, and to the ſame places, they. will be:no'more 
in Equilibrio, but to make them in Equilibrio, we mult have 
another power Y greater than X applied in B, on CE, and 
this Power Y ought to be ſo much greater, as the line CBE is 
removed from C A. 

From the centre C and Semidiameter C D or CB, having 
deſcribed the circle BB, 'tis evident that CE is greater than 
CB. But from the point E having drawn EG perpendicular 
woAE, and E FM perpendicular to 'CE, and by the point A 
having alſo drawn H AM parallel-to CE, -if from any point F 
of the line E F we draw the line F G parallel to CE, the two 
triangles F EG, M E A will be alike, for they are rectangled, 
and their angles in the point E are equally together to a right 
angle, becauſe of the right angle A E G. 

If we ſuppoſe now the part E F indifinitely ſmall, 'cis evi- 
dent that the line C E cannot be moved from E to F about 
the point C, without cauſing A E to move to G about the 
point A. Bur it follows from the Laws of Mechanicks, that to 
make an Equilibrio between the power X applied to the ex- 
tream or end E of the leaver A E, which moves according as 
che line E G, and between the power Z applied to the end E 
of the leaver C E, -which moves according to the lineEF; it 
is necellary that X be oZas EF to EG, that is to ſay, -as 
AM to AE: In fine, if we ſuppole the power Y applied to B 
on the leaver CE in the point B, 'tis evident, that to make an 
Equilibrio between Z and Y, it is neceflary that Z be to Y, as 
CBto CE: lr follows therefore, that for to make an Equili- 
brio berween X applied to E on the end of the leaver AE, and 
Y applied in B on the leaver C E, it muſt be that X muſt be 
t0'Y in the compound -proportion, of A M to A E,and of CB 
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ro C E, which is the ſame as that of the retangle A M, C B, 
to the retangle AE, CE. But in the rectangle triangle 
AME, the ſide A M will be always lefler than the Hypote- 
nuſe AE; and by conſtruction C B will be alſo always leffer 
chan C E, whence it follows, that the power Y will always 
be greater than the power X, and thar the more the lines 
CE, AE are removed from the line A C which joins the cen- 
tres of the movement, the more the power Y ought to be 
greater for to-make Equilibrium with the power X. 

Fig. 1879, We may likewiſe demonſtrate the ſame thing af- 
ter another manner, in keeping to the common principle of 
the ballance, or leaver.. For if on MA Iengthned, we take 
A H equal to AE, and conſider CE and M AH as two hori- 
zontal Leavers, the points of whoſe props are in C and in A, 
and that the end E of the ITeaver CE have a weight called Z, 
this weight will have the fame endeavour on the point E of 
the elbow leaver HA E, as on the point M of the right lea- 
ver or ballance HA M. For 'tis evident, that the weight X 
in the point H, will be to the weight Z, as AM to AH, or 
AE its equal. But now if inſtead of the weight Z applied in 
E on the end of CE, we ſubſtitute a weight Y applied to the 
Point B of the fame leaver CE, for to make the ſame endea-- 
vour 4asZ in E,. it will. be, that Y will betoZ, as CE to CB: 
Then the weight X will be to the weight Y for to make an 
Equilibrum in the compounded proportion of A M to A E, and: 
of C B to.CE, as. before, whence follows what was propoſed. 


Corollary. 


It follows from this demonſtration that a power applied in 
B to the end of the Leaver CB, will not act equally a- 
g2inſt another power applied in D to the end of the line A D 
in the meeting of its extream D, when theſe lines are different- 
ly poſited, their powers will always be applicd in the ſame 
points of their lines CB, A D, and they will a&t perpendicu- 
larly ; Bar then one muſt be fo much greater as-the line C Bis 
more removed. from C A. 

If you intend the contrary, the power which a&s muſt be 
applied to the end D of the line A D; for this force or power 
ought to be leſs when the line A D. is more removed from 


A C, than when 'tis nearer. 
PROPOS» 
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PR;O P-0.:6:. Is 


Fiz. 189,FF* He ſame things being put as in the precedent, 

188. £6 I fay, that it on the circumference of the cir- 
cl:B B as a baſe, we deſcribe the Epicycloid B H, whoſe gene- 
raiing Circle is D E R, and Radius theline AD, the crooked line 
of this Epicycloid being Join'd to the R2dius C D of the baſe, 
and not making with it the fame mixt line, as in the poſitien 
, where it was deſcribed, in any place which CB is placed out 
of CA; and the end D of the line A D, being put on the E- 
picycloid in E, the power Z which is applied in E, at the end 
of AE, as'ris in the precedent propoſition, will be in Equi- 
librio with the ſame power Z, which is applied in B to the 
end B of the line C B, and which acts on the point E by 
means of the curve of the Eyicycloid B E. « 

Fig. 188. *Tis eaſy to ſee in this figure by the forming of 
the Epicycloid, that in any poſition, which the line C B is 
in, which is joined to the Epicycloid, the Arches B B will be 
always equal in length to the arches D E of the circle DER; 
wherefore let C B be in any place, and the power applied in 
B Cannot move it felf through one arch B B, without moving 
che other force applied in E on the end of the leaver A E, by 
an arch E E equal in length to the arch B B ; whence it follows, 
that the powers being equal they will remain in Equitlibrio; 
which was tO be demonſtrated. 

Fig. 189. We may alſo make this Demonſtration as in the 
precedent propotfition ; and we ſhall find that the ſame me- 
thod which is managed in the inequality of powers, will lead 
us here to equality by compounded Reaſon: For if we ſup- 
poſe that the end E of the leaver A E hath the power X A, 
which afts according as E G perpendicular to A E, and that 
in the point E at the end of CE, there be a power V which as 
according as E F perpendicular ro CE; 'tis evident by the 
nature of the Epicycloid, that the line N E drawn by the end 
N. of the diameter DAN to the point E, will rouch the Epi. 
cycloid in that point ; and that as when the point E of theend 
of the leaver C.E ſhall have run over a ſpace E F indefinitely 
'{mall; the ſame point E of the end of the Jeaver A E will be 
come to G, where the line F G, parallel to E N, meets EG 
perpendicular to AE; for the ſmall portion F G of the Touch- 
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ant E N may be conſidered as the ſame curve. But having 
drawn F C which meets the circle B-B in L, the arch S L of 
the circle BB berween CE and C F, will be equal in length 
to E G by the nature of the Epicycloid ; for when the poinr 
E of the Epicycloid ſhall be come to G, the beginning of the 
Epicycloid B on the circumference of the circle B. B will be- 
come to O; fo that the arch B O will be equal toS L. 

The Power X runs over then the ſpace E G, when the pow- 
er V runs over E F, and for to make an Equilibrium berween 
theſe two powers, it muſt be, that Z muſt be to V, as EF ro 
E G, that is to ſay, in reciprocal reaſon of the ſpaces run over. 
Burt laſtly, if we ſuppoſe the power Y in the point S, or in the 
point B, on the circumference of the circle B B, and that it makes 
Equilibrium with the power V, it will come to paſs that V 
will be toY, asCB to CE; then the power X will be to the 
power Y, in the compound reaſon of E F to E G, which is the 
ſame asE Fro SL,or that of CEOCSorCB, and of C Bro 
CE. But this compounded reaſon is areafon of Equality, where- 
fore the powers X and Y ought to be equal for to make Equi- 
librium between themſelves, being applied, as we ſuppoſe, 
which was to be demonſtated. 


Corollary. 


That which T come to demonſtrate of the Epicycloid de- 
{ſcribed on the circle B B, for its baſe and for its generating Cir- 
cle D E, whoſe Radius is A D, the meaning is the ſame, if the 
Epicycloid be deſcribed on the circle D E for the baſe, and 
that the generating Circle be the circle B B, and its Radius C 
B; for the movement or motion Will be always equal from 


one {ide or tother. 


PR.QF: 0: $.: 4 


How to make the Application of motion equal to Engines. 


Fig. 190.Y Et there be a circle BO L whole centre is C, 
and another circle D E F whoſe centre is A : 

On the circle B O L, as a baſe, and for a genenerating circle 
| DEF, deſcribe the Epicycloid B V H, and diyide the circun - 
ference of the circle B O L into any number of parts, as here 

O 0 int 
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apply a portion of the Epicycloid B V H, in KI, L M, which 
will be the {ame as if the Epicycloid had been deſcribed; be- 
ginning in the points K L, &&c. 
We may likewiſe take as grear a portion of the Epicycloid: 
as we pleaſe,as B V H, and by this means: make the divifions of 
the circle leſter or fewer. The figure B V H G may be the tooth: 
of a wheel which may be limited by the right line H G, which 
tends to the centre C of the circle, vor by any other line as your 
pleaſe, which is-inditterent, fince this part of the rooth dorh not. 
cauſe any eite&t., We may alſo hew a little the ſpace between 
two teeth, as D N O, to give the more liberty to the' meeting 
of the parts of the other wheel D E F. EE cds 

We may then form a wheel on the model of a circle with: 
Ns teeth, and! make it move on the centre: C.. = 

Now it we apply another wheel to the hinder part of it, 
whoſe centre is in the point A in the Horizontal line A C, ard: 
rhat inſtead of teeth, on the circumference O EF, we apply 


only in this example the pegs or pins of wood-D E F, ec: - 


which we ſuppoſe indefinitely ſmall and perpendicular to the 
plane of the wheel ; *Tis certain by the precedent propofition.,, 
that in any polition that weplace the wheel B O L whole teeth: 
meet the pins of the other wheel DEF, they will be in Equi- 
librio, if the moving forces applied to the Circumferences of 
the two wheels. be equal between themſelves. | 

Let then for this eftect a weight Q be hung from the cir- 
cumference of the wheel B O L, equal to the: weight R, hung. 
and applied to the circumference ot the wheel DE ; thefetwo- 
weights will then abide always in Equilibrio in any manner 
that the teeth of the wheel B O L meet the pins of the wheel 
DEF. 

But if we apply a weight P to-rhe-circumference of another 
wheel $ T, which hath ics centre common with that of the 
wheel BO L, and which is faſtned with it, this weight Þ will, 
be to: the weight Q, as CB to C'S, the weight Þ will be till 


in Equilibrio with. the weight R, in all the different mectings. 


of the two wheels; for che weight ÞP making Equilibrium 
with the weight Q, it, will alſo be in Equilibrio with the 
weight. R.. 


Pro.. 
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Into eight in the points.B K L, &c. and to each of theſe points: 
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7" Hings being diſpoſed 'as in the precedent, I ſay, it mat- 

rers not whether the diviſions of the wheel B K L be «c- 
qual between themſelves, that is to fay, that the teeth be e- 
qually diſtant one to another, nor the pegs D EF on the cir- 
cumference of their wheel. | 

It matters not whether it have one or -miore teeth of the 
wheel B K L, which a& all together on the pins of the wheel 
DEF, for there will be no more but the ſame force which 
will be applied againſt that of the wheel DEF. If ithave 
bur one, as B VH, all the force of the weight P, will act againſt 
that of the weight R, in meeting with the peg D. ai 

Fig. 190. If you would have two together, as BV H and 
K 1, of which the firſt a&ts on the peg D, and the other on 
the peg E, 'tis evident by the conſtruction of theſe teeth, that KJ 
will have as much force or power on the peg E againft the 
weight R, asBVH on the peg D againſt the fame weight R; 
and by confequence the force of the weight P diftribures it 
{elf equally ro theſe two tezth, each of which counter-ballan: 
ces the moiety of the weight R : Ir will be the ſame thing, 
it you have three or more which aCt all rogether. 

Thus it matters not if you have one or more teeth which 
work all together, and 'tis indifferent what part of the tooth 
meets the peg againſt which it acts, ſince it will have always 
the ſame force ; which was to be demonſtrated. 


FRDUFUS V. 

'T He Engin being diſpoſed, as before, for to make an Egqui- 

librium, between the two weights P and R; I fay, thar 
it., you augment the moving force of the wheel BKL; or, 
which is.the ſame thing, it you add ſome weight Z to the 
weight P, this force, -or this new weight will a& equally in 
all the different encountrings or meetings of the toothed wheel 
EKL with DEF,. on the force, or on the, power .; or laſtly, 
on the weight R-applied to the wheel DEF. ' - _ | 
_ Since to, make an Equilibrium berween the weight P, aug- 
mented by the weight Z, and the weight -R, you mult 


augment the. weight R with the weight.Y., . which mult be to 
| Ooz - Ne 
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the weight Z { which makes the augmentation :of the weight 
P)asCS to CB, and then the two weights:Rand.Y -toge- 
ther will make through all an Equilbrium with the two weights 
P and Z together ; *tis evident, "that in'any- poſition which 
theſe rwo * wheels are in, the weight'*Z' will -be: always .in 
Equilibrio againſt the weight” Y ; and by conſequence the two 
weights P and-Z together: prevail ' always with the ſame force - 
againſt the one weight R, which 1s meaſured: by the weight Y; 
ſince it wants this weight to make the-Equilivrium; which was to: 
be demonſtrated; | EO bots 
ro nnd PO REDTT DS;: 04-2 | 
WE: may. place the. Superficie of two Wheels .in the ſane 
' Plane, and.inſtead of the. pegs or pins which” ſhould: 
be faſtnedon the Wheel D E F, we may. make the teeth ar the 
end of.this Wheel, and give. them whit Figure we pleaſe: But 
then the-teeth. ofthe other Wheel whole figure will be in the: 
Epicycloid, ought to have a figure compoled'' of 'thoſe of the. 
Epicycloid and thoſe of. the teeth: propoſed, this compounded: 
figure forms it (elf, as I ſhall. explain in. rhe: following Ex-- 
amples. EE ES, 
MOORES Ie 


Fig. 191. The:molt ſimple of all-Figures is-the- Circular; 
wherefore I propoſe at firſt ſight the fhgure 'of-the reeth of the- 
Wheel BEF ina circle. Let the wheelive BE F; whoſe centre 
1s in-A, which hath its teeth of a circular Figure, .2s-B © P, and: 
whoſe centres will be on thecircle D G-M, which hath icscentre 
common with thoſe of the Wheel A ;: let.the centre of the other 
Wheel be C; having drawn the right: tine C A' which joins the- 
centers of the two Wheels;and which meets with the circleBEE 
in B, from the centre C;” ahd with the Radius:C D deſcribe the 
circle D1, on which asa baſe make-the-Epicycloid*D VH, which 
bathD G.M for its generaing eircle.- Now-if-from-all the points 
D V H,' of the- Epicycloid; as Centers:you deſcribe. thie circles. 
© N L equalo the circle which forms-the teeth-of the Wheel? 
BE F;,- the crooked- line O N:L;-whicht rouehes all-the circles, 
3nd which will-be- Parallelro-the- - Epicyctoid; / will»form the- 
figure of the teeth of ihe Wheel -BK;' that is-ro ſay,-that: pare - 
ot the tooth: whieh-a&ts againſt the/parr- of: the circular toorh 
which it meetsin its motion for ro-the'other-parts of the teethr 
which it meets-not_ with;/I-have already-faid that-they- nn 

6 ig ma 
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made of. what Figure you pleaſe ; bur you ought always ro 
make choice of thoſe-which are moſt durable, and moſt proper 
ro reſiſt the force. oF the: mation. PY  Þh 
I fay:now, if you: apply equal powers to theſe Wheels with- 
in the diſtances of- their/'cenrers © D, AD, in any place that 
the teeth meet, . you. will have an Equilibrium: every where; 
only it muſt be obſerved that the meetings of rheſe Teeth muſt 
be always under the line. A C./ Je Se 
By the 34. Propoſition in any place thar the Epicycloid DV H 
is applied to the point D of the Wheel D G M, in making it 
move about the Centre A; it wilt make an Equilibrium between: 
the equal Powers. For if one of the powers caule the other 
ro move, it will cauſe: it ro run over a ſpace equal ro: thar 
which the ſame runs over it ſelf. Burt by conftruttion of the 
rooth O N.L, we ſee that the crooked line O N-L meeting the 
circle B:zP makes the point 'D ſfo- much advance, as it the 
Epicycloid'D V H met it: For the diſtance between the Epicy- 
cliid D V H, and the crooked line ON L 1s every where, that. 
of the Semidiameter of the Circular rooth B z ÞP. 
For example, when the centre of the tooth D is come to G, 
and that the Epicycloid D V H is placed in I G, its point G-be= 
ing joyn'd to the centre of the circular tooth, *tis evident thar 
the arch: D I of the circle of the baſe will: be equat.in length 
ro the arch DG of the generating. circle > G M ; Bur then. 
the crooked line O N L will be placed+-in o 1, and the circu- 
lar rooth E » p which hath its centre. in G, will neceflarily touch 
in the point », the crooked line-or curve oz /, for the ſhorteſt 
diſtance, from the point G of the- Epicycloid ro the* curve o »: þ 
will be in the point touchant » of the circle E » p, and: of the 
curve. So when the point D. of. the Epicychzd is come toil, the: 
point: O of the curve will' be, come to o, the arch O o will be: 
equal ro the arch DI, and'the curve'o » | which meets rhe circu-- 
lar tooth:in »,. will be-made to advance. its centre in G on the. 
Epicycloid T D, and by conſequence” the arch D-G . will:be equat: 
in length ro thearch Oc, or D1.' es aha 
I have ſaid! thar the teeth-ought-not to begin romeer or ren-- 
counter themſelves but underneath. the line A C,: thar is to ſay,, 
that the bending O N L 1s not proper-for to aCt.on,the circular 
teeth, but when the point O of the curve ON LE. is. come to- 
D'; and'by conſequence this curye ON L begins nat .to-a& a- 
gainſt:the:curve.or. bending. of. the. cixcular: zooth, bye. in the- 
- 1; PORT. 
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point Z, where it 15 cut by the circle D G M, and it Continues 
always inthe. Rencounter or meeting! 1n its part Z P, in de- 
{cending beneath the line AC. We 11ay then leiſen all the 
part 7 B of the circular tooth, fince *tisnot ulct ul inthe move- 

nent, or motion,- and finiſh it on the circke Z D. We may 
allo finiſh the reeth of the other Wheel by the curve L N O, 
and by the circie O D, which will be the ground of the teeth; 
Bilt in this conſtr u&tion we ought to diſtribute the teeth. after 
ſuch -1manner in each Wheel that- they: begin to: rencolnter 
or., meet-.one another only in: the tine.:A C, and: that they 
do not-hinder one another HANOTE: which will always be- eaſy 
to do. 

Alſo note, that the curve L NO Parallel to the Epreyeloid, 
begins always-out of-the Circle:O D I, and afterwards that it 
is betWeen, Or within; and laſtly, that che diameter of the gene- 
rating, CIrcle 1s greater than-DB,. which. is caſy to demonltrare 
by the generation of the. Epicycloid ; bur I conſider - not in 
this place -but the part ONLof this curve which is without 
the circle O DI when 'tis in this kind. 

We ought always.to avoid in. the teeth of Wheels to. make 
them Pr above the line AC which, joins their . centers, 
becauſe the. Wearing Or rybing i inthem is very great,- and that 
onthe COnwary - ts not almoſt: conſiderable in them below, 
{vppoſing that the -motion of rhe Wheels will be from above 
ro beneath the line A C. , In the mean time if you-would that 
-rhe.recth of theſe Wheels: work in rencountring themfelves a- 
bove ..A C;. ir-mult be.in the making, as I ſhall ſhew, by and-by, 
after Lhaveſhewni'a general method tor..making the 'tecth, of 
one Wheel in different. manners, thoſe of the other being al- 

ways: given the ſame. 


eg Example, 2. 


pn 192+, .. Inſtead of. the Centre D of he. Gliculds tooth! pro- 
poſed.” as in the precedent example,” I rake. another point 'like 
that where L pleale, as Bon this tooth, and by”: mears of” this 
point I find the figure. of the rooth' B IN N, which ought to 
work with the propoled.; bur.for to caulc. the tooth Pro} fed. 
ro 26. or work in as. many parts as is pollible,” we ought. to. 
chuie a point 10 this roath which may. be. the neareſt wh the. 
Cemre. C of the other - Wheel, 1n the mation of 0 this, paint, 
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choſen about the center: A of the Wheel unto which 'tis faſts 
ned, and this point will be the point B in. this Example. 

From the centre C and with the Radius CB deſcribethe circle 
B:K, which will be the baſe of the Epicycloid B V V, whoſe 
generating Circle is B G G defcribed from the centre C and 
Radius A B; then'' from the centre A having drawn the: Ra- 
dius A G; from the centre C, ard by the Radius C G we may 
deſcribe the circles G V, which cur the Epicycloid in V, and 
by theſe points V we may draw the lines V HI, which make 
the angles C V I equal to the angles CG A. Then on the hnes 
V HI we may apply the figure B & of the tooth propoſed in 
the ſame: manner as 'tis apphed to the line A B, in mating it 
agreeable in-the point B or V, and we may draw the curve 
line B NN that ſhall rouch the curvature or bending of the pro- 
poſed tooth, in all theſe different Poſttions, which ſame thing, 
will happen for the circle, if we take on V H the Magnitudes 
V H equal-to BD the radius'of the circle of the propoſed tooth, 
and that from the points H for a center we deſcribe 'the- cir- 
cles N equal to thoſe of the tooth. 

It plainly appears by this formation of the curve BNN 
that in any poſition rhat it meets. the circular tooth, the point 
B of the curve B-N N being beneath A C, there will be every 
where an Equilibrium between 2 equal Powers applied to theſe 
Wheels in the diſtances CB, AB, from their centers CA: For 
we may demonſtrate, as in the preceeding example,that in any 
poſition that the curve B N N is applied to the circular tooth, 
if will be diſpoſed to make its way in the point B on the-cir- 
cle B. G, a ſpace cqual to that which the fame. point B makes. 
on the circle BK. For example, if the point B in runing over 
the ſpace B K on the circle B K, the ſame point B comes to 
G, by means of the Epicycloid B V, which muſt be placed 
in K «, but the curve B N N will be placed in K », and: its. 
point N will be applied in the point »,of the circular tooth B Z, 
tranſported in G », which will have its center in h on A G; 
and by conſequence the curve K », which as on the circu- 
lar tooth G z in the point », makes the point G to advance, 
{o much, as if the Epicycloid ſhould: be placed in*K G, and 
Joined to the curve K ». F CRIT Sov 

'Fis ealtly ſeen, thar if the cooth of the Wheel BK is formed 
as the curve B N IN, it will begin ro aCt on the circular rooth 
8.2, 1n the point B on the line A C: For ſo {y0n' as the point 

B of 
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B of the curve BN N is come to AC, and that it touches 
the point B of the circular tooth, the 2 teeth begin to a& one 
againſt the other, and to meaſure how much the tooth B NN 
deſcends its different points N, as they are applied in different 
places of the circular tooth BZ. _ bare 

Nite, that if we take the lines V HI equal:to B A, all the 
points I will be in the circumference of the circle A I I, whoſe 
center is in C; and moreover, that all thefe points I will -be 
the Centers of the generating circle of the Epicycloid, in the 
different poſitions whence it deſcribes rhe points V. 

Laſtly, we may take the point B for the Commencement of 
the Epicycloid in what place you pleaſe, whether within or 
without the tooth, inſtead of raking it in B on the curve of 
the propoſed tooth, as is done in this example, and we may 
find always a curve for the tooth which ought to work with 
thoſe propoſed, and which ought to make an Equilibrium be- 
tween two equal Powers, which I ſhall explain in the fallow- 
ing Examples. | 


Example.” 3. 


Let the right linzd tooth be Z D, which makes with the 
Radius A Z the angle A ZD, and let the point be D of this 
tooth which ought to begin ro work with the tooth of the 
other Wheel BK; having taken any point B in the line A DC 
which joins the centers, and. which paſſes through rhe point 
'D, determining to what place the tooth A Z D ſhould be made 
ro move on its center A; or if the point D be not deter- 
min'd on the rooth Z D, and that there be given the point B 
of like poſition to the line Z D, or to the angle A Z D, hav- 
ing drawn A B which cuts Z D in D, we may place the line 
A:B on theline AC, and deſcribe che . circle B.K from the 
Center C, and the Radius C B; this Circle will be the baſe of 
the Epicycloid B H M, of which the generating circle is B G, de- 
ſcribed from the center A on the kadius A B. 

Then to all the points G of the circle B G, having drawn 
the Radius's A G, and from the Center C, ard for the Radij 
C G having deſcribed the arches of the circle G V, which ren- 
counter in V. the Epicycloid B V M, I draw C V, and <«fter- 
ward V HI, which makes the angle C V I equal to rhe angle 
CGA; on V1, I apply the line H Z in rhe ſame manner thar 
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D Z is applied toB DA,. that is to ſay, that V H is taken e- 
qual to BD, and that the angle V HZ, is equal to the angle 
BD Z, the lines H Z will interſect them all, whence we may 
draw.the curve-line..D:N -which will touch them, this line D 
N will be the figure of the tooth which we ſeek, and which 
ought to be applied to the wheel B K. | 

'Tis evident by what 1s:demanſtrared before of the forma- 
tion of the fecond teeth on the firſt which are given, that the 
curve D.N of the-tooth applied ro the wheel B K meeting the 
right lined tooth D Z below the line A C,. and beginning in 
the point D will make every way an. Equilibrium berween 2 
equal powers applied to the; 2 wheels-in the diſtances of CB 
and A B, that 1s to ſay, in the extream'of their Radi1; for if 
we ſuppoſe that the line C B have tranſported the point B toK, 
the Epicycloid B V M- will be placed in K G, and the line A B 
will be placed in A G, {ſo that the arch B G will be equal in 
length to. the arch B K by, the - property of the Epicycloid. 


But then in this poſition, the rooth will be in A'S 4,. and the 
curve DN being putinE », its point » which is the ſame as 
the point N, will rouch the tooth in”; and even as in all the 


pointsas G and K the motion will be equal, there will be eve- 
ry way an Equilibrium between the-rwo equal powers. 

Where Note, That we ought not to determine the length of 
the right lined face 'Z D of the. tooth towards D;' for it may 
happen in ſome caſes that the curve D N; may, not be touchant 
to all the lines, as H-Z, for theſe lines H Z interſc& nor, their 
extream H being determined and they rencounter notthe next ; 
and if we ſhould draw the curve line D N N through all the 
points as H, it would happen thar only the end or extream D 
of the tooth would work, and 'would notwithſtanding make 
Ne motion equal,. bur this is not that which is propoſed in this 
place. | 


F xampl Ee | 4+ 


' Fig. 194 We may yet make another fort of right lined 
tooth, the face of which tends-to the center of. its wheel, arid 
by this means the toorh which aCts againſt it, has not its face in- 
clined to the Circle on which it is faltncd, as-in the Preceediig 

oe: P- þ  Exum- 
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Examples, and this'kind of rooth is one of the eaſieſt roexecute in. 


great Engins, and moſt ufeful-for the motion. 


Let the face be F D of this right lined tooth which tends to. 


the center A of its. wheel, and which is placed 1n the line A B 
C which Joins the centers of the wheels. By any point B of. 
the line A C, and from the center C, deſcribe the circle B K 


which is the baſe of che Epicycloid B V, whole generating 


Circle is B G, deſcribed from the center A andthe Radius A 
B; having drawn all the Radiy A: G, and the lines. C G whick: 
are the Radiz of the circles G V which rencounter the Epicy- 


cloid in V, whence the angle C V I will be made equal to the 


angle CGA.. Laſtly; whence we may draw the curve DN N. 


which will touch all-rthe lines V I in their difterent poſitions, 


and which will-be the figure of the toorh which ought to be 


applied ro the wheel:B K. Fhis. tooth ' D N.IN rencounters, 


the face F D in all its. different poſitions, and will make every 
way an Equilibrium between 2 equal powers applied to their 
wheels in the diſtances of C B and: A B. For the curve DN N- 
being, placed in 4 », which is. fattned to the Radius CK and 


rencounters. the face A F D of the tooth propoſed in » in the- 


poſition AG, will-make the ſame etfe&t on the point G, as the 
Epicycloid: D V- placed: in K G, as I have made appear in the- 
preceeding example. 

'Tis.caly to behold: by what is explained before, that it wilk 
not be difficult to form the rooth which we ſeek, that which- 
1s given being of another:hgure than the circular or righe. 
lined, as Parabolique, Hyperbolic, and:the ſame in the Epicy-: 
Cloid. | RE 


FTOFOUS. VB. 


centrick.to the wheel which carries. the propoled. tooth, 


and by means of this Epicycloid, we may find-the Figure of. 


the ſecond tooth, as in the preceeding propoſition. 

Er. 195, Let ZD- be the: figure of. the rooth propoſed: 
which is. applied to-the. wheel. Z, the center whereof is A ;, 
and on this hiſt rooth mark.the' point. D; which ought to begin 
ro work or a&t with the ſecond tooth thar we ought to apply: 
t2.the other wheel, place the. tooth A D in making 1t wn 
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with its wheel about the center A, fo thar its point D be on the 
line A C, which joins the centers of the 2 wheels ; in this 
poſition of the tooth Z D, having markt any point B that you 
pleaſe on the line A C, from the center A, and With the Ra- 
dins A B deſcribe the circle B G, which will be the -baſe of the 
Epicycloid B V, whoſe generatigg Circle is B K, deſcribed from 
the center C and. Radius CB. 

'Tis evident by what 1s demonſtrated before, that the Fpicy-.. 
cloid B V being faftned to the Radius A B, will fo much ad._ 
vance the point B from the Radius CB, as the ſame point B 
advances on the circle B G in any poſition that the Epicycloid 
ſhall be, as if it is tranſported to G K, the arch B K will be e- 
qual in length to the arch B G, and lo the difference being 
every way the ſame of theſe arches, they will alfo be equal 
in length, in manner as if the Epicycloid is placed in G K, the 
point G will not advance any ſpace, but will be on its arch 
B G, and it makes not ſo much to advance the point K on the 
arch B K. | 

Now to all thoſe points K of the circle B K, having drawn 
the Rad] CK, and afterwards A K, and from the center A 
and Radius A K, having deſcribed the arch K V which curs 
the Epicycloid in V, and the line A C in F, whence the arch 
K L will be equal to the arch V F, and then drawing L A 
which will cur the arch B G in G, whence 'tis evident, thar 
the portion B V of the Epicycloid may be accommodated in 
G K. 

Having made the angle CBI equal to the angle CKA, and 
BI being equal to K A, whence alſo the angle BIg will be 
equal to the angle K AG, and on g I equal to A B, or ro AG, it 
we apply the curve E N Z of the rooth given D Z, in the fame - 
manner thar it is applied on B A, as if we tranſport it ſo thar 
the point B be pur or placed in g, and the point D in E. 

Laſtly, the Curve of the propoſed tooth in all its different 
poſitions will form another curve N N D by a line which will 
rouch them all, which will be the figure of the ſecond tooth 
which we ſeek, and which ought to be applied to the wheel B K, 
or to the radius C B V in the manner which *ris deſcribed. 

"Tis evident, that this curve N N D will ſo much advance 
the point B on its arch B G, as the ſame point B advances on 
BK : For when the point B 1s placed in K, the curve N D 
will-advance the tooth ZD in Sn 4, for the point: » of this 


PD 2 Curve 
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curve which rencounters the. tooth in the poſition S » 4d, ren- = 
counters it in the ſame manner, and in the ſame place. as the- 


point N which it forms. So the Fpicycloid will be in the. po- ' j 
ſition G K, and:by conſequence two equal powers being ap- L 
plied to-theſe rwo wheels in the diſtances of their Radii A B;. | 
CB, will act every. way equally, and will make an Equilibrium | 
im all the.Rencounters of the-teeth of the two wheels. | 


P-R-0-P-0:85: Vas. 
To apply a little Wheel inſtead of a:Tooth to the Wheel of 


an Engin. | 


Fig. F Have noted in the 6th. Propoſition, That the ſecond* 
196.4: Tooth ought not to begin to work with the firſt, bur: 
on the line AC; becauſe that the wheels having their mo-. 
tion above or below this line, the faces of the Teeth which. 
rencounter themſelves in their removing one. from another; 
do only rub one another in making their eſcape, which cau- - 
ſes nor any ſenſible hinderance. to the motion; . whereas when: 
the rubing is made by: the rencountring of the parts which: 
venter- Or-Come upon: one another; the Impediment to the mo-- 
710n 18 very conſiderable, and is that which we chiefly ought. to: 
avoid in Machines and Engines. . 

Behold: here: a: particular conftruftion for ' the Teeth of- 
Wheels of a great Engin, where the faces which rencounter . 
themſelves or meet, are made ſo that they touch one-another.: 
without rubing or wearing, and what.remains is only. made.on : 
the Axis,0r Pivot: 

The conſtruCtion of: theſe Teeth is the ſame as thoſe of the. 
firſt Example of: the- 6th. Propofition, bur the Application is - 
different : In the 6rh. Propoſition the circular Tooth propoſed” 
is ſtayed: firmly by the Wheel ; but-in thoſe here. thar is a lit-- 
tle wheel which is movable about its centre D, on an axle- 
tree, or pin, placed at the end of the Radius A'D ; there will”: 
be ther, no other fretting; or wearing, in this Engin, than thar. 
of the little wheel BZ P on its axis ; for: the circumference : 
will apply it ſelf every way, without fretting, or .Wearing, on : 
the Curve. of. che. other Tooth ON L. . 
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*Tis evident, that this application of the little wheel cannor 
make any varying from what I have demonſtrated of the cjr- 
cular Tooth in the 6th. Propoſition, and that the eftect of the 
Engin will be the ſame : For it matters not- whether the 
Curve ON L rencounter or meet the circle O Z P of the lit- 
tle wheel, or the rooth of the ſame. figure, ſince its center D- 
will be always the ſame. way. 


FROF 0-6: 13 


The Conſtrution of an Engin to raiſe Water according to- 
the precedent Form. 


—— — O—— DS CES on I oe ee 


Fig. Y; MOI isa great Wheel made of great pieces of wood 
We 197.44 joined together one with another, which is poſited 
or placed horizontally, the Axis, or Tree A B, of this Wheel is 
a large piece of wood which is moved by its baſe on a Pivor, 
or Spindle P, being only faſtned ar rop with a pin of Iron to 
keep it always perpendicular : This Wheel js toothed, or wa- 
ved, on the edge after the manner of Wheels in rencountring;. 
or meeting, in common Clocks ; and it hath bur: 5. Teeth, as 
O I, which aCt in paſling upon the little Wheel RS, which is. 
movable. on its axis C : This Axis is faſtned to the arm D C, 
| which is likewiſe movable abour its axis D, which is ſtayed: 
E | firm at. any union: The arm D C is Join'd and faſtned to the 
x portion of the circle D E F, ſo thar they cannot move the one: 
A without the other ; on the thickneſs of the arch E F.it-muſt 
have a double flat chain H G, faſtned. rowards the top. in E,, 
and this Chain hath two rings at the end of it, which ſu- 
ſtains the handle of- Iron which carries-the Pin, or Peſtle, of a 
| drawing Pump : The Leaver, or Arm N, of this Engin paſſes. 
| in the Tree. in B, and may be ſtayed if one will by. the 
| wheel -to make ir more firm ; it muſt have two little Wheels, 
{auch as thoſe I am coming to deſcribe, which are diametri- 
cally oppoſite under the Whecl, and which do always .ac&t by 
rurns one after another ; for by this diſpoſition of the little 
wheels when one appears in the bottom, or hollow of the wave, 
the other appears on the top : Bur the Wheel turning from 
O to 1, the little wheel deſcends in the. rencounter to the part 
O Q of the wave, and amounts again. in the.other, we muſt 


conlider . 


ue” 
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conſider but. the-part O Q of the wave, for. there is but that 
that works. for ro lower the little Wheel which raiſes 'the 
Peſtle, or Sucker, of the drawing Pump, and which ſuſtains 
all the weight of water ; the little. Wheel mounting again in 
the other part of the wave makes not any effort or endeavour 
againſt the Wheel, for it follows only the hollow turning, or 
winding of the Tooth, not being_-raiſed but by the weight of 
the Peſtle, or Sucker, and its-handle, and of the Triangle D E F, 
which fall again beneath by their proper weight, which we may 
make very near equal to that of the little wheel. 

All the effort of the Wheel is made only by its weight in 
ſuch manner, that if it is as heavy as the weight of the Co: 
lumn of water which it ought to ſuſtain in the body of the 
Pump, the diſtance of the Leavers being compenſated, *ris evi- 
dent that there will not-be any conſiderable rubing on the 
pivor P :' gut ir 'muſt-be always ſomewhat heavier, 1o-that it 
1may not £o out of the Iron wherein the Pivot plays, for-other- 
wile it will work on the two little wheels all the time, which 
muſt be avoided. . HET 

Fhe number -of Teeth cf this Wheel ought to. be odd, fo 
that ir:may. have always one'iof the two little Wheels oppofite 
which:work, and that the power which moves the leayer N, 
may aCtalways equally, and not by jumps or skips, as it com- 
monly happens in- thoſe Engins which -have nor one or two - 
wheels. * *Tis in this that the principle direction of the con- 
ftru&tion of Teeth, and the: poſition of *niall wheels conſitts : 
For: which, chat we may always keep to the rule in'the form 
of the Teeth, we muſt have reſpect to rhe proportions of the 
height and length of the Teeth with the diameter of the 
AO | | has. 

We mult obſerve that "tis not Ppothble thar the: face of the 
Teeth, or of the waves ofithe-wheel, ſhould'work!in-every place 
on. the lictle wheel: at equal diſtances from the-Axis of the 
wheel,” becauſe rhe morion: of the wheel is circular” and ' hori- 
zontal, and. that of ine lite wheel is vertical or perpendicu- 
lar; for it happens that when the Teeth rencounter tlc little 
wheel in their lower part, and' from their point, it the Axie- 
tree- of the jirtle wheel: 1s. equally removed from the: Axis of 

the wheel, it will' be nearer when the little wheel 1s towards 
the moiety of its deſcent, which: will be- eafily known. in the 
plane ; this.difterence of- removing will cauſe a little fretting or 
WEALINS 
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wearing - of the face of the Tooth with the little wheel : Bat 
theſe are {uch faults which are impotlible- ro be wholly avoid- 
ed in Engins, and we ought to reſpect rhoufe which have the 
leaſt, or tne leaſt conſiderable, for the molt perfcCt. 

For the conſtruction of the Teeth of the great wheel of this 
. Engin, we: ought to conſider them as if they were in the ſame 
plane as thoſe of the little wheel, and when we have deter- 
min'd the figure, we apply it on the wheel ro the place where 
it renCounters, or meets the little wheel, ſerving as a profile or 
fir fize cur from the figure of rhe Footh. 

Fig. 198. Having determined tke center D of motion of 

the arm D C of the little wheel RS, and the f{:ze D C of the: 
arm, from the center D, and by the Radins D C deſcribe the 
circle C E, on which draw the line ABC touching in C; 
on the line B-A for a baſe, and CE for the generating circle 
- deſcribe the Cycloid C V V, and through all its points V V as 
centers deſcribe the circles N: equal to thole of the little wheel ; 
I fay, that the crooked or carve line SN N. which touches all 
thoſe circles will be the figure of the Wave. 
- If we imagin that the right line'B' A moves from B towards 
A on the ſame with the Cycloid CV V which is faſtned to ir, 
tis evident that every point B of the line BA will have fo 
much of the way as the point C will have about the center D, 
being moved by the Cycloid VV :- For if the poinr: C of the- 
tine B A is tranſported in T through the ſpace C T, the Cy-- 
cloidC V will be placed in TE, and the point C will be arti- 
ved at E, on the arch of the circle CE: Bur by the generari- 
on of the Cycloid, the arch C E'is equal in length to the right: 
line C T, then rwo equal powers one of which moves the line 
CT on the ſame, and the other moves the point C about the 
center D, will- make an Equilibrium every where, for we 
ought to conſider the right line B A as the circumference ct a 
circle whoſe center is infinite or endleſs. 

Bur-now if inſtead of the point C of the Radius DC, we 
apply the little circular wheel RS, whoſe center is in C, *tis 
plain by the conſtruction of rhe curve SN N thar-it wilkhave the * 
ſame effect on the center C of the little wheel in rencountring 
us circumference, as. if the Cycloid CV V ſhould rencounter: 
only the point C: For the. center C being pur or placed in E,. 
the point N of the curve $N N will be placed in », ſo thac E. 
» Will be a ſhorter dittance from the point E of. the curve. 


In, 
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In the conftrution of the Teeth of this Engin, - one ſerves 
-Not all the curveS NN form'd on the whole Cycloid, bur 
only on one part, and that which you pleaſe, . for otherwiſe it 
would happen. that the waves would be too great. ''We ma 
rhen take for Example .in Fig. 31. the middle part N.X of the 
whole curve SN X F, which is formed on :the half Cycloid 
CN; ſo the bottom of the wave will be formed by the circle 
.of the . little. wheel-in the poſition N,Z P, and its 'point will 
.be in the point X; we may give very near. the ſame figure to 
the part of the Wave which mounts up again and works nor, 
to the intent that the little Wheel may roul away more eaſily 
1n remounting within the bottom. 

Fig. 199. We muſt note,that when the little Wheel is come 
10 the end X of the Wave, the center M of the little Wheel is 
not ſo far as it may be from .the point X, that is to ſay, that 
the line M X 1s not perpendicular to B C: Bur as the point 
X deſcribes a line parallel to B C, 1t works only on the cir- 
cumference. of .the little Wheel, until that. the point M is 
come within the line MX, perpendicular to BC; the center 
M of the little Wheel will deſcribe then in that place a ſmall 
arch of a circle equal to thoſe of rhe little Wheel, and it will 
happen thar the point X of the wave will þe blunted or 
dulled a little in the ſucceſſion of the work, which will not 
happen if one ſerves for all the curve N X F; for the wave will 
not be one point from its extream F, as in the point X, be- . 
cauſe that the Touchant of the curve in F 1s Parallel to BC, 
and the Touchant in X is inclined to the fame line B C: Tis 
evident, that the work of the point X will only endure ſo 
much more time as the little Wheel is more great; for the 
arch which the point M deſcribes, will be greater for draw- 
ing the point M, in the lime drawn by X perpendicular to BC, 
than if the Radius of the little Wheel ſhould be leller : There 
is till one inconveniency in a great little Wheel ; for it muſt 
have greater ballances on one 1ide, and on tre other under tle 
wave, becauſe that it moves on two points one of which is its 
Pivor, and the other is that of the arm and of the Portion of 
the Circle which carries the chain, which will not be ſo.con- 
ſiderable in a ſmall Wheel : gur-if the little Wheel be very 
ſmall, it muſt take away a greater portion of the curve N N, 
to form the wave that it may have always the ſame Eleva- 
tion 1a the peltle, or rod of the Pump. | 


"Ti; 
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'Tis eaſily ſeen that the chain which is faſtned to the portion 
of rhe circle ſerves to raiſe the Peſtle always perpendicular, 
which is a very good uſe in theſe forts of Pomps : For other- 
wiſe if the handle which carries the Peſtle, be only faſtned to a 
Leaver movable abour an axis as D in this Engin,it will happen 
that the Peftle' will be drawn ſometimes to one ſide, and ſome- 
timesto the other, and wear unequally in the body of the 
Pomp in working, which will deſtroy it in a third part of the 
time, as I have obſerved in ſome rencounters. 


PROPOS. X. 


We may likewiſe apply the ſame conſtruttion to wings, or to 
the Axle-tree of Mills, which have their Wheel vertical, 


and whichare for Powder, for Paper, for Fulling, for Forg- 
ing, &c. or it may raiſe Peſtles, very near as you ſee re- 


preſented in this figure. 


Fig. ] Shall here repreſent only two of theſe Peſtles, but we 
200.4 may put as many as we pleaſe, or as many as the mover 
of the Wheel can make to go ; you mult always put two wings 
oppoſite, as A B and C D, to work on each Peſtle, to the end 
that when one of theſe Wings 'as B having quirred the little 
Wheel E from the arm of the Peſtle, and that it is fallen, rhen 
immediately the other Wing A, which is oppoſite to B, begins 
to relieve 1t. 

We may alſo obſerve that if we have two Peſtles, it behoves 
that the wings which belong to each one, will be applied 
one after another, to the axis of the Wheel, as we lee here, 
where the Azis 1s to 4 Panes, becauſe that ir hath four wings 


-and two Peſtles, and where the wings A and B are applied 


to the two oppoſite faces of the axis, and the two other wings 
C and D, which belong to the 'other Peſtle are applied to the 
rwo other oppoſite faces of the ſame Axis : If we would then 
have three Peſtles and fix wings, we muſt cut the Axis, or 
Tree, into 6 panes, or {ides, and if we would have four, we 
muſt cut ir into 8 ſides, unleſs we apply two Peſtles on the 
Ty face, and then there nceds but half of the faces 10 
the tree. 


Q q F3U; 
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But it muſt be obſerved that we-do not place the wings to- 
gether, which are applied to the ſame. face, but ro-mingle 
them with the others, that ſo the Endeavour, or' effe&, may 
diſtribute it ſelf equally on: the Axis, or tree, that'is to ſay, that 
the raiſed Peſtles ſhould not be together. %  RIILS 

I do not repreſent in this figure but one' of the: kinds of 
making the motion equal, which is by giving a crooked figure 
to the wings which are faltned to the Axis of the Wheel, and 
by placing the little Wheels to the end of the arm. of the 
Peſtles, although there be yet another, in making the arms 
of the Peſtles of a curved or crooked figure, and in applying, 
the little Wheels ro rhe end of the right wings of the Axis of- 
the Wheel : Bart I will explain theſe two kinds in the con-- 
 ſtruKtion of the Curves or Crooks. I Se 

L have not given here the-conjunCtion of this Engin, nor the. 
manner of ſtrengthning all the*pieces, "tis ſufficient for him: 
that regards the Mechanicks to ſhew the diſpoſition, the reſt: 
belongs to. the Art of Carpentry. 


The firſt kind.. Fig. 20t.: 


The firſt kind of applying the Curve to this Engin is that: 
which is repreſented. in the precedent Figure ; let the point C. 
be the Center of the Axis of the great Wheel, and CA the 
diſtance from the Center to: the handle of the Peſtles, on: 
the right line C A having determind the point B, which is the: 
extream A B,; of the arm of the Peſtle, and which is the Cen- 
rer of. the little wheel which we apply to the end or extream: 
of the arm ; and from the center C, and by the Radius CB, 
having deſcribed:the circle B D, make the Epicycloid B V V on: 
the circle B D for the Baſe, the generating circle having, 
irs Center at an infinite diſtance, that is-to-ſay, that the circum- 
{crence of this circle is a right line, and that the Epicycloid B VV 
is the laſt of all, which 1s. . alſo. the "Curve. line deſcribed by 
the roling of the circle, as-is-noted before. | 
Then trom all-the points V/ of this Epicycloid, having deſcribed. 
the circles. IN, equal-co the circle E F of the little Wheel, the 
Curve E N N which ronches all theſe circles will be the faſhion 
ox form of the arm of the tree, or axis of the Wheel. 
Following.the ſame method of demonſtration, that I have 
obſerved before, it is cvident that in whatſoever Poſition the: 
arn. 
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arm E NN of the axis, ſhall be in turning. about its axis C, it 
will have always equality of motion between the center of the 
lictle Wheel which riſes perpendicular,and the point B which 1t 
moves about from the center C: For if the center of the little 
Wheel B is tranſpoſed in H, following the line B H parallel 
to A G and perpendicular to A C, through the Curve EN N 
tranſported in L»» about fromthe centre C, it isevident that the 
point H, will be found on the Epicycloid BY V, removed in K H, 
with the Curve E NN removed in L» z: For the ſhorteſt 
diſtance from the point H to the Curve L » », will be equal 
to: the Radius of the little Wheel E F: But by the Formation 
of the Epicycloid B V or K H, the arch B K of its Baſe, will 
be equal to the ' arch of its generating circle, which 1s here 
the right line B H, which repreſents alſo the way from the 
center B of the little Wheel, while the ſame point B deſcribe; 
the arch B K : Bur the ways BK and BH being equal, and 
the Powers equal applied in B, of which the one acts to the 
end B of the Leaver CB, and the other to the end B of the in- 
finite Leaver BA, or determin'd to what diſtance you pleaſe 
in A, for the length of the Leavers ought not ro be confider'd 
when the Powers are directly oppoſite the one to the other, 
it will follow that you will have on every 1ide an Equilibrium 
between the two equal Powers. 

We do not conſider here the rubing or wearing of the 
handle of the Peſtle throughout the hollowing of the wood ir 
runs in, for to make it raiſe perpendicular, for we ſuppoſe thar 
the Bodies are exceeding ſmooth, and that the rubing or wear- 
ing hinder not in any manner the motion. 


The Second kind. F 18. 202. 


In the Second manner it muſt be that the arm of the.Peſtle 
is of a curve figure, and that the little Wheel is applied to the 
end of the arm of the Tree, or Axis of the Wheel. 

The figure of this arm, or wing, is not determined : Since 
there is no regard, but to the length from the axis of the tree, 
even to the centre of the little Wheel, which works on the 
arm of the Bar, or Peſtle ; ic behoves only to take heed that 
the Figure as CK D, which we give to this arm, or wing, 
hinder not the motion of the arm of the Peltle. 


Q q 2 | Let 
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Let then, as before, the handle 'of the'/Peftle be: A.G, and the 
center of the Axis C, having drawn the Perpendicular C A on 
AG, markon A C the Radius A Bot the little Wheel, and by 
the point B draw the line B Eparallel to 'A'G, which +-will be 
the, Baſe of the Cycloid B V V, whole generating circle will 
have: the length CB for its Radius: If from all the points. 
of this Cycloid, we deſcribe the circles' N' equal to thoſe of 
the little wheel, the Curve line N N. which touches al 
theſe circles will be the Figure of the crooked arm which we 
ought to apply to the handle of the Peſtle. 1} 

'Tis evident by the generatton' of the cycloid; that if we 
move the cycloid B V on its baſe B E, in what place -ſoever 
'tis placed, as in E D «, the end B of the Radins CB being re- 
moved by the cycloid in D, the' arch B D wilt be equal.in 
tength to the right line BE of the baſe ; bur if in ſtead of the 
cycloid we uſe the curve N N, we fee. clearly, as in the pre- 
cedent propoſitions, that this curve. will make the ſame way 
to the point B, from the end of the Radius. C B, in rencoun- 
tring the little wheel A F, whoſe center is in B; for the curve 
1 Which rencounters the-httle wheel, cannot advance irs 
center, or make it move forward, bur from the diſtance of 
thar center to the cycloid, which is thar from the Radius of 
the lictle wheel}: Bur as theſe motions, or movements, are every 
-where equal, there will be an Equilibrium between the two: 
equal powers applied, as in the precedent example, which does 
nor require any-long explication after that which I have ſzid 
of other Engins. + 1 POWeF # Ti 

There is only in-this caſe one difficalry for the: conſftruttion 
of this Engin; for as it is, that the little wheel lays hold on 
the arm of the Peſtle below, .if the arm of the Axis, or Axle- 
cree, which carries the little wheel, be right or ſtreight, it ren- 
counters the curve- before that the little wheel rouches it ; we 
muſt then bend or make crooked the arm a lictle, -as the line 
HKD thews ; to the end that the little wheel: begin to ren- 
counter the curve-FN N, when Hs Center B. 1s-1n the.line C 
A: But as it is dificule to make theſe forts of curves HK Dx 
unlefs it be of Iron, we may alſo make-to- ferve an arm every 
way right or ſtrejght which ſhall. bear or carry the center D of 
the little wheel, bur then the arm. muſt be double, and the 
title whe. l muſt be applied berween rwo-to the end, for the 

crooked. 
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crooked” arm of thetpeſtle F N.N: will paſs between theſe two 
ſtreight pieces which bear the little wheel. 

We muſt obſerve here, as in all the other Engins, that . the 
little wheel be ſmall ; for when the crooked arm which it ren- 
counter or meets;'/Ceaſes to' work: by a perpendicular line drawn 
from the center-of the lictle wheel: to the curve, it ought .to 
ceaſe in the Rencounter, or diſcontinue to meet ir, which .is 
not poſlible, becauſe ir ſerves bur one part of rhe Curve: Ir 
happens then that the extream of the arm: worxs ſtill by its 
point on the little wheel, in making it turn on 1ts center until 
it be entirely got away, and: in the motion, .the Equilibrium be- 
tween the powers.is not found any more, , which 1s a- defect in 
the Engin, which-we-muſt avoid and leflen by-making the lit- 
tle wheel of a-ſmall Diameter. 


PROPOS. XI. 
Of the Length and Diſpoſition of the Teeth of Wheels. 


Fig. 203-J Have already demonſtrated, that it is nor neceflary 

that the teerh be equally diſtributed: on the wheel, 
when they are of a regular figure to. make them aCt equally 
one with tother ; for it we have but one, it will be as if we 
had more which work, the powers applied 'to: theſe wheels 
att always in the ſame reaſon or-proportion,. the one with re- 
ſpe& to the-other. But'-we- mult. rake theed that when one 
rooth as ON L, which is cut as L, ceaſes ro work: on:the other 
Tooth P'Z, that is to fay, when the Touchant in L of the curve 
ON L; is alſo Touchant in the ſame point L of the curve PZ of 
the other tooth, there muſt be two other already.of the two 
wheels which work together; for otherwile the extream-L of 
the tooth"N' L rencountring (till only by the point L,the curve 
PZ wil not be: moved. as before, and the motions of. the 
rwo wheels will not be equal berween. themſelves: It is nor 
poſſible in this caſe to reCtify the motion in ſeeking the figure 
which rightly 2grees with the Tecth of the wheel A, to make 
the point L work equally on the Tooth P Z; for the point L 
rencounters the Tooth P Z, in the ſame points where it alrea- 
dy-is rencountred by the curve N L.. But when another tooth. 
begins to work,or hath workr already,when the poiart L ceaſes. 


to work regularly on the Tooth P Z, the puint L ceaſes alſo 
to 
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to rencounter the tooth P Z ; bur becauſe the wheel to. which 
"ris faſtned is moved always with. an equal motion by the ren- 
counter, or meeting of the.other teeth of the-wheel.C, which 
-makes it go further than he point L alone ſhould do,' for this 
wheel A will have always: the ſame way; as if-the Tooth. P Z 
ſhould be rencountred, or-met, -by the. curve:-ONL prolong- 
ed, or lengthned; then the point L -will remove aſide from 
the tooth P Z, and they will work rogether. only ſo much as 
they can do it regularly, which 1s a great advantage to an 
Engin. | | 

We ought alſo to take heed that the Teeth of one:wheel ren- 
counter not thoſe of the other wheel above the points, where 
they ought to begin to work, that is toſay, towards G, above 
the line A C,which joins the centers of the wheels for the rea- 
{on of rubing or wearing, as I have already taken notice of 
before,for the rubings which are made of bodies, which go one 
on another are always very great, and on the contrary thoſe 
chat are made by {lipping, are very inconſiderable, wherefore 
we ought to diſpoſe the Teeth in ſuch manner, that they 
trouble nor, nor: hinder one another. before they begin to work, 
and thar there be a convenient length and depth given them, 
for power to diſengage themſelves calily the one from the 
other. mr 

We may yet note, as1 have done, that the part of the tooth 
which works not, may have what figure you pleaſe, and that 
we ought only.ro ſeek thoſe which gives it moſt conſtancy or 
ſedfaſtneſs, and which may. ſerve for difingagement. Never- 
theleſs it is left ro be done as workmen uſe in their. common 
diſcoveries of giving to teeth the ſame figure of both fides, as 
well to inure to make theſe teeth all equal, as to ſerve alfo ta 
the motion of the Wheels, when we would -make them turn 
ina ſence contrary to that which-is necſlary.for the;ufe of the 
Engin ; which we-are oblieged to,: oft=times. in ghe building 
and taking of them'to00 pieces. ug ptr” 
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P.RO-P.,O S.. XII. 


To-make an Engin whith ſerves to move ſeveral Sawes for 
. the ſawing of Stones. Fig.. 204. - | 


' X B, is a Frame, or Shas, in manner of a ſquare figure, which. 
may move ealily from C towards B, and from B to- 
wards C, being kept within a kind of hollow gutter of wood, 
in which it moves on little wheels which are faſtned to a piece 
beneath : In this Frame.you haye two pieces of wood joined 
at right angles in, G and in F, with the pieces of the Frame A: 
M, C B, and-which are;detained by two bonds or braces from 
the ſides-of the Frame, there muſt be alſo in the two other 
angles of the frame two bonds or braces-in D and in E, which 
{erve to ſtrengthen it. ' fl | | 
\. In the middle of this Frame there muſt be a Triangle of 
wood: H 1K, which is ſuſtained in the middle on a large piece 
of Timber, or Axle-tree L, on which it is well ſtayed, and: 
when this large piece of Timber, or Axle-tree, turnes, the 
angles: of. the Triangle, which are furniſhr with ſmall little 
wheels in I KH, come to rencounter the pieces of wood G F- 
one afrer another, making the frame A B to move from one 
de tothe other in.the hollow gutter, by forcing it in G,. and. 
afterwards in F. 

Towards-the ends of the pieces of wood A M, CB, there 
.muſt be two rods of Iron, as M B, which muſt be well faſt- 
ned, which muſt bear two hands of iron N O, which may run: 
along theſe rods of Iron, where they are engaged.at one end, 
and on the other they are well faſtned to one of the arms of 
the ſaw P. Whence it appears, that when the Frame is mo-- 
ved, it makes the faws Þ ro move which are on the two ſides 
of the frame; and according as the ſaw works, the hands 
deſcend by running along the rod MB. . ©. _. 7 YETI 

According to the force of the power which turns the axle- 
tree L, we may apply many Triangles, as H 1K, which will. 
make 'to move ſo many Frames, as A B, which makes to go, 
TWICE as many Saws, | 

The little wheels which are applied- to the angles of. the 
Triangle, and which facillitate the motion of the frame, are 
of.great uſe, becaule they take away the rubing which would 


be. 
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be made againft the pieces G F, if there were none but the 
angles of the Triangle which 'hit againſt them. Bur although 
theſe lictle wheels are applied to the angles, the motion is ne- 
vertheleſs unequal.; and for to make it equal, it*behoveth thar 
the- faces of the pieces G.F. which are-rencountred;.-or Hit a- 
gainſt by the lictle Wheels, muſt be formed in a crooked line, 
which is demonſtrated and explain'd all along before 'in the 
Treatiſe of Epicycloids. SHLD III 2! fm 3Þ SEM 20-5 

Fig. 205. How'to make the bending of the face of the 
pieces G F; from the centre L, and with the radius LI, equal 
to the diſtance which' is' between the* axis of :the tree: L of 
the Engin, and the'centre : of 'the lictle wheel, having deſcri- 
bed the Circle I F, draw a part of the Cycloid I'S on the right 
line 1Q , which rouches the circle in 1,'and which will be 
the baſe of the Cycloid, the circle IF being the: generator, 
and the beginning of the Cycloid being in I ; then ' on all 
the points of the'Cycloid, as: a'centre;: deſcribe the circles R 
which muſt be equal to the little wheel, : and you may draw 
the line R R, which will touch all the circles rowards the .con- 
vexity of the Cycloid. The line R R will be the.-bending of 
the face of the pieces G F':: We-. may- prolong the-.line: R R 
towards V, adding to it a- part'of the right. line, even to the 
place where it is faſined-in the piece AM of the frame: You 
mult obſerve, that the little wheel in working ought 'to ap- 
ply it ſelf in the curve or bending RR, in the ſame manner 
thar the circles R R are placed, thar is to ſay, thar the pieces 
GF ought to be a little more bending towaids the middle of 
-the Frame. rh 44-5 EDO 3 "7 


P'RO P-O'S. XIII. 


To change the direttion, of Motions, or Movements , by the 
means of toothed Wheels. ;.” Fig. 206. 
(878 4 iro taeny og i. $a MES 


T- Et the wheel be A B which tarns on a vertical Tampin C, 
whole teerh'are placed perpendicularly on the: plane of 
the Wheel. | 

If we would move this Wheel A B Horizonrally, by. means 
of the arm D E, and that its teeth rencounter, and enter in the 


Spindles of the Lantern G.F, which moves. on its Horizontal 
Tampin 
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Tampin M N, it is evident that the Horizontal movement of 
the Power applied to the arm D E will be changed into a ver- 
tical movement or motion about the Tampin, or the Axle-tree 
M N, of the Lantern. 

Alſo by means of an Horizontal motion we may raiſe the 
weight P, whoſe Chord is wound about the Roll O,which hath 
its axle-tree common with thar of the Lantern F G. 

But if inſtead of the Lantern F G, whoſe ſpindles are pa- 
rallel to its axle-tree, we would make another, as H I, whoſe 
Spindles are inclined to the axle-tree K L, in what angle we 
pleaſe ; ir is evident, that the horizonral motion of the power 
applied to the arm of the wheel, will be changed into a mo- 
rion inclined to it, in what angle one will about the axle-tree 
K L. 

Only note, that the Spindles of the Lantern HI, which 
rencounter the teeth of the wheel A B, muſt find themſelves 
places horizontally in the rencounter,to the end, that they may 
be applied in the ſame manner, as if this Lantern were like to 


the other GF. 
PROF OS. All Fig. 207. 


The deſcription of a Wind-mill, together with the Computatie 
on of the force of the Wind- on its ſails. 


& Ws are commonly of two ſorts, but they differ not bur 
in this, that ir: the one the whole body of the mill turns 
on a Tampin, to 2xpoſe the fails ro the wind ; in the other, the 
body is of ſtone, ard none but the wpper part turns to expoſe 
the ſails tro the wind. In theſe ihe Lantern and the ſtones 
ought to be placed in the middle oi rhe Tower, that the reeth 
of the Wheel in all their differen Poſitions may rencounter 
always equally the Spindles of the Lantern. 

AB is the great Axle-tree, at whole end che Sails are faſtned, 
and which ſerves for an axle-rree ro the Wheel C D. The 
teeth ofthe Wheel C D enter into the Spindles of the Lantern 
E F, whoſe Axle-tree G H N is vertical, and which bcing 
ſtayed by the upper ſtone I K, makes it curn on that beneath 
L M, which is immovable. - 

So that rhe vertical motion of the Sails, and of the Whe:l is 


converted into the Horizontal morion of the ſtones. 
| R x Tine 
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The Wheel hath commonly 48 Teeth, and the Lantern 10: 
Spindles, ſo that each turning, round of. the Wheel, or of the 
ſails, cauſes near 5 turnings round of the ſtones. ro be made; 
whence you. may obſerve, that perhaps the ſtones make not 
the whole, or morethan one turning round, in one Second of 
time, and by conſequence the fails will. alſo make one turn-. 
ing about in 5 ſeconds: Thetefore it the wind be to-violenr, 
we abate one part. of the ſails.co reduce them from this ſwift- 
nels.. 

It is-not likely that the ordinary manner of: uſing the force 
of- wind, to turn the ftones.of mills is the. moſt advantageous: 
that is. poſſible. to be found, which 1s that which hath oblieged' 
many ative workmen to ſeek after, other ſorts of Mills to- 
the wind, and. above all the Horizontal, -to. the end thar the 
{ails may be expoſed dircaly, to the wind, and profit by all its 
force ; bur all. theſe ſorts of inventions have not proſpered. 
We may perhaps believe that the Wind-mills, ſuch as we have 
{een. were not made at. firſt fight in the perfection that. they” 
are at. preſent, but that the continual. pit which is made of 
them; hath made many defaults to be ſeen, which one amends 
afterwards.. ne | 

| Behold the Computation of the. force of wind. againſt the: 
ſails of a mill, according to the inquiry which was made by- 
Mr. Marict, in his book of the Motion of Waters. | 

| Fig. 208, A B repreſents in this Figure the Axis or Axle-. 
rree of a turned Cylinder, and the Rule GH a croſs at. right: 
angles: AndIL is another rule, placed-perpendicularly on the 
firſt G H, and ſtayed alſo in the Cylinder. MN OP is a ſmall. 
thin rable, even as the precedent Rules, which is likewiſe placed: 
perpendicularly. on the Axis A B, and Bias-ſo, that it. makes 
with it an angle of 4.5 degrees,. and with reſpect to the Rule 
GH. . 

If we ſuppoſe now that one Caſt of water beat directly 
againſt. the Rule I L, towards - the point Q;, and that it turns. 
the Cylinder according to the order of the letters abc 4, 
bur that the weight R placed rowards the end H, of. the Rule 
G H, makes an Equilibrium with the force of the caſt of 
water Q, that is to ſay, that- it hinders the Cylinder from 
turning ; It is certain, that if the fame caſt of water beat 
againſt the Table M O, alſo in.the point 5, which being allo- 
fo far removed from the Axis of the Cylinder, as the point Q 

and. 
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and that the direRtion of this Caſt be perpendicular to the 
Table, it cannot ſupport the weight R, becauſe that ics direftion 
will not be according to the motion of the Rule I L, whigh 
isin a plane Letpafdiotar to the Axis A B; but it cannor. at 
that time ſupport that weight which ſhall be to the weight R, 
as the fide of a Square to its Diagonal; 

And if the ſame Calt is parallel ro the Axis A B, and that it 
hit againſt the Table M O in the ſame point S, it . muſt ſtill 
diminiſh in its attempt in the ſame Proportion of the ſide to 
the diagonal of a ſquare, becauſe that this Caſt falls. obliquely 
againſt rhe Table under an angle of 45 degrees. 

[t is then evident, that this double reaſon of diminution 
oughr to reduce the weight R to its moyety, or half part. 

Now the wind which beats againſt the ſails of a Windmil, 
beats, or blows, obliquely, and if it rencourters cach ſail under 
an angle of 45 degrees, it follows then from what hath been 
{aid, that it will not have but a moyety of the force which it 
would have, if it rencountred directly, and if the ſail, be pla- 
ced on the Axle-tree, as the Rule'I L on the Axis A B. If we 
ſuppoſe then that the whole force of the wind be as 80, it will 
be redcuced:to 40 for theſe two cauſes. 

Bur there is yet one cauſe of Diminution of the force which 
cmes fromthe fame obliquity, for it will have a leſs breadth 
of wind which rencounters the ſurface of the fail, than if ir had 
been directly oppoſice, and this diminution will be ſtill in the 
ſame reaſon, or proportion, of the ſide of a Square to its dia- 
gonal, which will in the end reduce the whole ferce of the 
wind meaſured by 80, to 28 + 

But if the obliquiry of the ſail is leſs than 45 degrees, that 
is to ſay, if it is more expoſed to the wind, whereof we ſup- 
pole the direction parallel ro the axis A B, and that the ar gle 
be of 6o degrecs on one fide, and 3o on the oppoſite, then the 
firſt cauſe of diminution reduces the force from 8o to the 
moyety-40, but the two others unlike, for they reduce not but 
from 40 to 34 very nigh ; which gives us to underſtand, that 
it is better that the ſails of windmils have this obliquity than 
that of 45 degrees. 

By theſe ſuppoſitions of Mr. Mariots, if the ſwiftneſs _ an 
indifferent wind is of 24 feet through each ſecond of time, as 
one may know by-experience ; one wing or fail dire&tly oppo- 
lite tos the wind, and which hath 144. feet in its fuperſicies 
2 6-73 Wil, 
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will ſuſtain a weight of 210 pounds, if the diſtance from the. 


ſupport, or the centre of motion, as-the Axis A B in the pre- 


cedenr Cylinder, even-to the place as.R, where: the: weight: 
is placed, is of 12 feet from the ſame, as the diſtance from the 


centre of the fail: aq 25 
But if the ſail have only 6 feet in breadth, and 24. feer in 


Iength, it will have the ſame ſuperficies: of 14.4 feet, and its- 
Centre will: be alſo 12: feet from-the Axis; wherefore it will- 


ſuſtain as yer the- 210 pounds, having 1x feet. of diſtance from 


the Axis: But if the diſtance from: the axis- to-the Centre of 


the ſail is. of 15 feet, i will ſuſtain 262: poundsand <. 


Bur through theſe three cauſes of diminution they ſuppoſe 


the angle of the ſails of 60 degrees, with the Tree, or Ax13, 
where they are faſtned; the force of the wind reduces it ſelf 
to ſuſtains-101- pounds and +; having 15 feet: of diſtance from 
the Axis: And becauſe there are four ſails; the force of the 
windwill ſuſtain 407-pounds at:the diſtance of 15. feer-trom the: 
Axis of the fails. 

But the femidiameter-of the wheel being ſuppoſed of. four. 
feet, if we-make it-as 4. tO 15, fo 407 ro 1526, this will be: 
the number of the pounds which meaſures: the force of the- 
wind againſt the: Spindles- of the Lantern, in the ſuppoſition: 
that it makes 24 feet in one ſecond; there is no :regard of the: 
rubing, or wearing, in all-theſe Calculations: | 

In the horizontal-Mills you cannort.have about but one ſail;. 


againſt which the Wind acts directly, and it muſt be made of: 


an extraordinary gieatneſs, for to cauſe. the ſame effe& as the 
4 vertical ſails of ordinary Mills, as. 'tis eaſy to. compute by, 
the precedent.Suppolitions. . 


P ROPOS. XIV. Fig. 209: 


&f Wheels, . and of Lanterns, with their Elbows, pr. crooked: 
Axes, for the- moving the Suckers of Pumps.. 


| ftw power.turns the wheel vertically, we.mult only. bend! 
. the ends. of its.Axis, as you ſ&e- here. in the figure GH. . 
But if the motion-of the. power be horizontal; as-if-it. be. ap- 
plied to the arm:C D of an.horizonral wheel A B, .you: mulb. 
adjuſt the. Lanterns. E F, ſo that. their . Spindles: RM 
| INE - 
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the reeth of wheel, and thar their crooked axes may work the 


effe& that we delhire: 
In each crook” of the Axis your may put a kind of little ring. 
T, which is faſtnedto the end: of the Tron of the ſucker K, fo thae 
in the on of the Lantern, the crooks of the Axes raiſe them 
and let them fall alternatively,or by turns-one after another,theſe 
raiſe and' depreſs the Peſtles, or Irons, to: which the Suckers 
are faſtned'in the body of the pump; this alſo makes it give one 


ſtroke of. the Iron to each rurn of the Lanterns: 
We may make the diameter of theſe Lanterns a fifthe part 


very nigh of that of the great wheel, to theend, that for each 
going round of the great wheel, the Lanterns may make five. 
But however commodious this Proportion: 1s, we will not 
make a Rule, becauſe it muſt: have regard to the {wiftneſs of 
the power which may be roo great for this proportion, and: 
which will. move the Rods, or Peſtles, too nimbly. 


PROPOS. XN. 


Þ toothed Wheels the number of Teeth muſt not contain ex= 
atlly ſo many times the Teeth of the Pinions,. or Spin= 
dles off the: Lanterns to which: they are applied.. 


FT" His Rule concerns only the execntion, and: we ought to- 
have regard to: make it fo; that the-reeth of the wheels: 


do nor always rencounter the ſame teeth of the. Pinions, for: 
when they rencounter, or. meet different ones, they grow: 
perfe& in rubing and in uſing themſelves one againſt the o-- 
ther, and by degrees they make very nigh the ftigure which 
behoves them, for ro-a& equally in their different rencountes;, 
and in the ditferent lengths from their Axes, which-is explain- 
ed in the Treatiſe of Epicycliids before. Re PE 
It behoves to practice this'Rule exaaly, that the number: 
of the teeth of the Wheels, and ot. the Pinions, muſt be- 
Primes between themſelves, thar is-ro ſay, that they. do not: 
admit of any other common meaſure than Unity, and fo the: 
ſame tooth of the little Wheel; or Pinion, rencounters- not: 
the fame tooth of the great Wheel, but after thar the little: 
one hath made ſo many ' revolutions,- or- turns, as there: are. 
tecth:in.the great wheel. 
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_ *Bur becauſe there is bur, little difikculty to make one divi. 
fron of rwo prime numbers, we may make the number of 
teeth 'of ' the great Wheel ; for example, of: 48 or 60, and 
thoſe of the Pinions .of 6: or 8, and in.the Mills, the .grear 
Wheel of 48 teeth, and the Lantern. of - 10 Spindles, to the 
end that the ſame reeth may meet as few times as is polible ; 
for if the Wheel have 6o, and the. Pinion.6,. the leaſt num- 
bers which keep the :ſame proportion + will be -1@ and 1, 
Wherefore the ſame teeth of the Pinion of 6, rencounter.not 
them of the Wheel bur. after x0 revolutions ; and if the 
great Wheel have 6o, and the Pinion 8, the teeth of the 
Pinion rencounter not the ſame teeth of the Wheel, till after 
I5 revolutions, becauſe that 15 and 2 are the prime Num- 
bers berween themſelves, which expreſs the relation of 60 
and 8: Laſtly, if the Wheel have 48 teeth, and the Pinion 
or the Lantern 10, the-teeth of the Lantern rencounter not 
the ſame teeth of the Wheel but after 24 revolutions, for 
the numbers 24. and g,.are the two prime numbers which 
expreſs the 'relation berween 43 and 10, and 'tis this which 
makes us ſee that we cannot find a number of teeth which 
is more -proper-for the Wheel, .and-for the.Lanitern-6f-Mills, 
for the diviſion into 48 parts 1s'eaſy, and' may be.done very 
exactly, and. that of _ ro..is | commodious, . and may be re- 
duced to 5. | 


E-2.0-F..0:5&: v1; 


* Of oblique and interrupted Mcvements, or Motions. 


Fig. FF the chord D of the weight P, be wound about on 
210.4 the roller of the beam ,G, and rhar the chord F 
which. ought to draw the liule: wheel-;E,, by .means of the 
pulley :L,-on whichipaſſes 4he;chozd F;-tor., to. go 10 faſten 
z>(toithe top- of the! little wheel E,: pailing 'alſo , on another, 
pulley 1,” which is faſtned to the top of the little wheel E, 
and which is ſtayed at laſt in, M rowards the puliey L; tis 
evident; thar when:the roller! turns round for to draw the 
chord: BF; ir:windes, at. thejiſame, time the:chord D, which is 
twili.cd on ithe roll: G, in-a contrary- Tence. of the. chord F ; 
Bur if thecho:d F is twiited on the roll. G of 6 teer long, the 

: weight 


| . 
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weight P. deſcends at the ſame time from.6 feet high, and will 
alſo at the ſame time' be raiſed by the motion of the little 
wheel throughout the hollow ir runs 1n. | 

Bur the Chord F having been drawn the length of 6 feer,it 
will not make! the little wheel ro advance bur 3 feet; for as it 
paſſes through upon the pully I, and is ſtayed in M,-it doth 
not advance the pully I, .and the little. wheel E,which are taft- 
ned together, but the halt of its movement, or motion. 

Wherefore when the chord F is twiſted on the Roll & of 6 
feet long, and that the chord D is alſo twiſted or wound a- 
bout of 6 Feer in length, the little. wheel E will not have made: 
bur 3 feet of its way; and by conſequence the. weight Þ wilt 
not be raiſed up again, but 3 feet by the motion of the little: 
wheel E; ir appears:then to be deſcended 3. feet, which is ſo 
much as the little wheel hath made of way on the hollow 
groove, wherefore ir deſcends by this means by half a right. 
angle, or it deicends fo much as it advances. 

Laſtly,if the chord D which is faſtned ro the round beam,is 
all wound up, and that ir begins to wind it ſelf about in the 
ſame ſence as the chord F, then the weight P riſes again; but 
it riſes three times as much as it advances towards L: For if 
the chords D and F are wound about of 6 feer on the Roll of 
the round beam, the weight ought alfo to be raiſed to the: 
height of 6 feer by means of che chord D, and it ought alſo tos 
be raiſed 3 feet by means: of the little wheel E which draws 
it, and which paſles over 3 feet, while that its chord is drawn 
6 feet ; then. the weight will be raifed. 9 feet while thar'it runs. 
over only 3 feet in length, which .4is the: motion of the lirtle: 
wheel E. | | 

Bur when thechord Dis wholly wound of the round beam, or 
eyclinder, and. that the weight begins to rife, if you make: 
a ſtop to the chord F,as in R, in place which it paſſes ar char 
time over the palley I, ſothar the cord cannot any more turn 
on the pwley,the ſame thing will happen as if it were faſtned: 
at the top of the little wheel E, and the weight will be raiſed 
6 feet, by the motion of its chord D, and 6 fectby the motion 
of the little wheel E,it will then have run over 6 feet in length: 
hanging, while it 1s raifed 12 feer. 

Now if the parts of the Roll of the round beam on which: 
the cords D and F are wound, are of ditterent diameters, ir: 


will make the movements or motions, difterent,and in different. 
PIO. 
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proportions of thoſe which 1 come to explain; but ic will be 
eaſy ro determine.them,” the Diameters being, given, or elle, 
the motions being propoſed, it will be eaſy to find the Diame- 
ters of the Roll which will ſerve them. 

We may alſo by the ſame means make it ſo, that one part of 
the way of the weight ſhall be' Horizontal, and the other parc 
riſe or deſcend perpendicularly, or obliquely, which requires 
no long Explanation ; I ſhall ſay no more of circular motions 
in riſing,or deſcending, ſeeing they only depend or belong to 
the figure of the hollow groove. There is1n an all theſe motions 
many little cautions to be obſerved, which muſt be left ro the 
induſtry of the Arrtificer. 

We may alſo make many motions different and oppoſite the 
one to the other, with one and the ſame morion, by the means 
of pulleys, referring from one to another which change the di- 
rection of the motions, which ſerve chiefly to make the changes 
of the Decorations, or Ornaments, of the two wings of Thea- 
tres; for one axis only A ( Fig. 211.) which bears the Tam- 
bours,or Cylinders B C, of difterent diameters, coming to rurn 
by means of a counter poiſe, or weight, makes to advance: to- 
wards the middle of the ſcene beneath the Theatre, the falſe 
frames or ſhaſhes D, which bear or carry the Ornamentsor De- 
Corations by the means of the chords C E, B E, which are faſt- 
ned to theſe ſhaſhes, or frames, and which are wound about 
on the Tambours in a contrary ſence: Theſe fame ſhaſhes D 
advancing, and thoſe of -G retiring at the ſame time, whoſe 
place they take, by means of one or twa chords I, which are 
faſtned to theſe rwo ſhaſhes, which paſs above the pulleys thar 
refer from one to another H, which are thoſe in the walls of 
the two ſides. The motion or way of theſe two ſhaſhes will 
be more or leſs according to the proportion of the Tambours, 
or Cylinders, which bear the coxds of their motion. 


Prop. 
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 P-R.O P.O-8, XVII Fig: 2127 
How to raiſe a weight by an oblique motion. 


Y Et the weight be Þ which is to be raiſed obliquely from P 
L ro:A, the Engin which ſerves for the movement being at 
the.heighr of A. | | ENT Ea 

* Make ahollow groove AB compoſed of two pieces of wood 
which are only removed one from another, ſo much as to leave 
room for the chord to paſs freely which ſuſtains the weight P, 
and which muſt be placed Horizontally ; the chord CD H 
which {ſuſtains the weight P, is ſtayed firmly in C towards the 
end B of the hollowing, and paſles in the overture between 
he two pieces of wood of which *tis made; it paſſes alſo a- 
bove the little wheel E compoſed of three pieces, viz.. of two 
little wheels,or rollers,2t its ends, and of one pulley between 
wo, on which paſles the chord C D H. Towards the end A of 
the hollow groove there is a Cylinder, or round beam G with 
3ts arms for to draw the cord F, which is faſtned ro the top T 
of the little wheel. rd fn re i ppg we ger maps gn 2 

'Tis ealy to behold by the conſtruftion of this Engin, that 
"when the chord I F draws the little wheel E fromB towards A, 
the weight P raiſes obliquely, or aſlant, from H ro A, and thar 
the elevation of the weight Þ will be equal tothe length of the 
hollow groove AB. * SES! | 2 ad Ls 

We. may alſo make ir that the Elevation of the weight P ſhall 
be in. what proportion we pleaſe with irs Horizontal way ; for 
Example, that the weight P be raifed 20 feet hanging, while it 
paſſes over 60 feet Horizontally. _ 

For this effect we may place the motion of the chord F, which 
draws the little wheel E from B rowards A at the end B of 
the hollow groove with a pulley towards A. © | 

Alſo the round beam, or Cylinder, being placed towards RB 
which draws the chord F,will advance the jittle whcel from B 
rowards A. But then it will cauſe the cord C D H which ſu- 
ſtains the weight P to be twiſted on the roll of the round beam, 
and that it will not be faſtned immoveably in the point C, as 
before ; the place of the roll where it is twiſted, mult have its 
diameter ſmaller than the ſanie where it twiſts the cord. F, 
when the Cylinder 'makes the lictle wheel E to advance on the 
Fe me L OZ. ONT 
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nollow groove,and then the chord D will be twiſted in a con-- 
trary.ſence to that of the chord F, to the end that it may wind: 
off, as rhe other twifts about, The proportion of the.diameter 
of che part of the roll, of the. round beam where the.chord. F 
winds abour; to the diameter of the other part where the cord- 
D is twiſted, . or wound about, ought to be as the Horizontal 
way to the difference. of the two-ways, which is the, ſame as. 
Go tO 40:0ras'3 tO 2. For then when thechord Fdraws (forex- 
ample ) the Juile wheel, E on the hollow groove through rhe: 
ſpace of 6 feet; rhat part of the roll'wherethe chord-D is twiſt-- 
ed will have wound 4 feet, and by conſequence the weight. 
P will not be raiſed as yer bur. 2: feer, although it have. run .0- 
ver 6 feet of Horizontal motion. . 

It. will be the. iame.thing for any other proportion of Ele-- 
vation ; only we muſt Note, that if we would have the weight: 
P make a greater motion in height than in length, for exam-- 
ple, if we would have.it riſe 39 feet. hanging, while-it-runs .0- 
ver but .1o feet. in.length .or Horizontally, it behoves. that the- 
diameter of the. roll for the chord F be made to the diameter of 
that part.of the.roll for the chord.D, as.10,which-is the Hori- 
zontal 'way, to the difference 2o of the two ways. For if to- 
each bout of the. Cylinder the chord. F make 3. feet of .way, the 
cho1d D will make g,. for the circumfterences of. the. rolls are in. 
the ſame reaſon or proportion as their diameters ; and.by con- 
{equence the weight P rifes 6. feet, becauſe of the diameters of” 
che'parts of the roll; and 'ir riſes {till 3 feet in che ſame.rtime, 
which is .equalto.the Horizontal motiun. . 

As to the ſwiftneſs of the motion we. may give it what we. 
pleafe, for it the cylinder.cannot diaw.the chords which make. 
the motion with 10 much twiftneſs as we require, it muſt be - 
done by means of. a counter weight very heavy, which we: 
may.rajſe r0.an height. equal co the. Horizontal motion, and: 
having faſtned this counter weight ro a chord.wound. abour on. 
che roll,: where the other chords whichſerve to the motion are. 
likewiſe twiſted, but in a contrary. ſenſe, when. we. let looſe. 
the counter weight it, will curn the roll. with: a great. ſwifr= 
neſs. 

We commonly. moderate this. motion by means of a chord, 
which ſerves to make the tricker,or. detainer, and which' being ; 
applied againſt-any, body where ir. ſlips and *retains afterwards, 
with the hand we may let it looſe to luch a proportion of ſwift- 
neſs as we would give to the Engin. . This. 


I 


Tu. 


$ 
(1) : 
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This ſame tricker,or detainer, ferves alfo to render the moti- 
-on equal, which will otherwiſe be very unequal becauſe of 
the acceleration of the counter-weight in deſcending. 
When cne chord ſerves it felf, of many which. are placed 
one from another for to raiſe the ſame weight, or which is 
the ſame thing, which ſuſtains it in ſeveral places, there muſt 
be inſtead of the little: wheel E, a"ſhaſh or frame of wood,uled 
as M M, in which there muſt be rolls, -as N, which ſerve with 
the pulleys to paſs the chords above, theſe rolls turn on their 
Axes which enter in the long pieces of the ſhaſh or frame. This 
'#haſh muſt-run along on the two pieces of the hollow groove, 
being drawn'through the hook O where we faſten the chord 
-which ſerves to its motion ; bur it -behoves that the {haſh be 
kept onithe hollow grooves thar it fall not from one {ide tothe 
other. : 
'We may alſo inſtead of the hollow grooves, make one chord 
only to ſerve, being well ſtretched our, on which muſt paſs 
a pulley, as R, which ſuſtains another S, which ſerves co ſu- 
ſtain the chord of hanging monon which the pulley R runs a- 
long in, in rouling on the chord which ſerves tor the hollow 
TOOVE. | LB | 
A I ſhall not ſay any thing concerning the manner of making 
thete hollow grooves, and their detainer in different places to 
render them ſolid, becauſe ir belongs ro workmen, which 
work in Carpentry or Joynery. X 
We may alſo make of theſe ſorts of movements which croſs 
themſelves without trouble or confulion, for if one ſerves to 
the ſhaſh, as I have explained before, it is eaſy to ſee thar the 
hollow grooves may be cut and interrupted in any place in a 
{mall ſpace of 4 or 5 inches, which may ſerve for the patiling 
of the chord which ſuſtains the weight, - which moves ir ſelf 
with a different motion from that which,is borne on the hollow 
groove which is cut, withour which the motion of the weighr 
will be hindred ; for the ſhaſh having us long pieces lupported 
on thoſe of the hollow groove,, ut may paſs calily above the 0- 
verture of the hollow grouve. * | 
What I have faid concerning the raifing of Weights, may be 
applyed to their detcent. 


8 1:04 & 


4 Cad f Globes, Celeſtra! and Terieftnial,.. 
Spheres,, Maps, Sea-P lats, Mathematical tn=- 
© ſtruments, | and Books, made and S$ old b 7y |. Mox-- 


on, at the Sign. of Atlas in. Wikroridlo The, 


London.. 


(Jute 24. Inches Diameter: © The price 207: the pair... 
Globes near 15 Inches Diameter. . The price wack 

Globes g Inches Diameter. . The price z!. 55. 

Globes 8 Inches Diameter. - The price 2 /.. 

The Englzh. Globe, invented- by the Right. Honourable tie- 
Earl of Coſtlemain, 12* Inches Diameter; the price ordinary. 
made up. 3 /. beft made up 51. . © 

Concave Hemiſpheres of- the. Stary Orb, which' ſerves for a 
Cate to the Terreſtrial Globe 3 Inches Diameter,'.made portable- 
for the Pocket; price 15 -s. 


- Spheres, according, to cthe.Proſomaick Syſtem, 14. Inches. Dia- 
meter, price 32. 


Spheres, according to theProlemaick Syſtem 8 Inches Diame- 

ter, Prices 11,105. 

Gunter's Quadrant 12: Inches Radius, Printed on Paper, and: 
paſted on -a. Board, with -a . Nocturnal ..on the back-fide, price 
wy 
| Gunter 's Quadrant, 4 Inches: RaGijus,.. Printed on Paper, and” 
paſted on Braſs, with a Nocturnal on the - baek-ſide, and a. 
wooden Caſe covered-with Leather fit for it. . A new. Inventi- 
on contrived for the. Pocket; -price 6s. .. 


A large Map of the Werld, 10 Foot l0ng, ak 7 Foor.- deep, 
paſted on Cloth and coloured:price 2 /.-. 


A. Map of all the-Iferld, .q, toot long and 3. foot deep, paſted: 
on Cloth and coloured, price 10s. in Sheets 25.6 d. 


yk» Scriptural Aaps,. 1. Of all the Farth, and how after 'the. 
Flood it was divided among the Sons of Noah. - 2.'Of Paradiſe: 


OL<« 


or the Garden.of Eden, with the Countries excutnjacent 'inha- 
bired by the Patriarchs. 
. The 40 Years Travel of the Children of 1/7ae)through the 
Wilderneſs. 4. Of Canaan, or the Holy Land, and how it was 
divided among the Twelve Tribes of 1/racl/, and travelled thro” 
by our Saviour and his Apoſtles. 5. The Travels of St.Pau/ 119 
others of the Apoſiles, in the, propagativg the Goſpel. 56. Fe- 
ruſalem, as it ſtood in our Saviours time, with a Book of Expla- 
nations to theſe Map, Entituled, Sacred Geography, price of 
of the Maps 6s. Book 2 s. to be bound up with Bibles. 


| A Tutor to Aſtronomy and Geography, or the Uſe of the Globes 
Fe Celeſtial and Terreſtrial ; by Foſeph Meoxon, A member of 
the Royal Society, and Hydrographer to'the King's moſt Ex- 
cellent Majeſty, price 5 5. | 

The uſe of the Copernican Spheres, teaching to ſolve as the 
Phenomina by them, -as eafily as by the Ptolomaick Spheres: By. 
Foſeph Moxon, &c. price 45. 

Wright's Correction of Errors in the Art of Nawigntion, p. 8 s: 

An Exact Survey of the Microcoſm, being an Anatomy of the 
Bodies of Man and Woman, wherein the Skin, Veins, Nerves; 
Muſcles, Bones, Sinews, and Ligaments are accurately deline- 
ated : Engraven on large Copper Plates,' Printed-and curiouſly 
paſted rogether, fo as art firſt tight you may behold all the Parts 
of Man and Woman ; and by turning up ſeveral Diſlections of 
the Papers, take a view of all their.inwards, with Alphabetical 
References to the Names of every Member and part of the 
Body : Set forth in Latin by  Remelius: and Michael Spaher of 
Tyrol, and Engliſhed by Tohn.lreton Chyrurgion; and laſtly, 
peruſed and corrected. by ſeveral Artiſts: Now corrected by 
Clopton Havers, M. D. and Fellow of the Royal Seciety, price: 
plain 15 s. coloured 14. 10s. 

A Tutor to Aſtrology, or Aſtrology made eaſie, price 2 s. 

The Uſe of a Mathematical Inſtrument called a Quadrant, 
price 6 4. | | 

Mechanick Exerciſes: Or, the Doctrine of Handy Verks, in 
nine Monthly Exerciſes. The Firſt Three, viz. Numb. 1I, 
Numb. 


Numb. 1. Numb. II. teaching. the: Art: of 'Smu#hing. 'The: Se< 
cond Three, viz.' Numb. IV., Numb.:V: Numb. VI. teaching 
the Art of Fonery. The Third Three, viz. Numb. VII. Numb. 
VIII. Numb. IX. - teaching the. Art of Houſe Carpentry. Accom- 
modatred with ſuitable -Engraved Figures, :. by Foſeph - Moxon, 
&c. price of each Monthly Exerciſe 6d.;; | | 1 Fes 
Mechanick Dyalling ; Teaching any man, 'though'of'-an ordi- 
nary Capacity, and .unlearned, in the Mathematicks, to draw 
2 true Sun-Dyal on any Given Plain, however ſituated ; only 
with the help of a ſtraight rule and:a:pair of Compaſles ; ard 
without any Arithmetical Calculation,by Foſ. Moxon, p. 15.64. | 
Mellificiumi Menſionis * Or, the marrow of meaſuring com- | 
priſed .in 6 Books with Copper Plates, ſhewing a inew and. 
ready: way of Meaſuring, Carpenters, Bricklayers, *:Plaſteters * 
Joyners, Glaziers and Painters works, and all Superficies and . ' 
Solids, price bound .3 s. 64. 4 
At the place aforeſaid, you may have alſo all manner of *: 
Maps, Sea-plats, Drafts, Mathematical Books, Inſtruments, , 1 
£&c. at the.lowelt prizes. | 
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| 6 : add [| or rwubing | Ao 25 5 3b 

67 | 12 ' AxIS. 2 BE b 

| I'4 | AXIS. £ £8, £7 or 2-7) 4 » 
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58 andp. 59 1. the firſt [ 59 ] 
62 and p. 63 1. the firſt 63 
hands. 
Tube, 
Tube: 
vo 
18-73. 
he 
Ig. 74. 
will be tripled) 
of. 
abundant. 
ſome things. | | Ras 
The whole circumference of' the circle deicribed 
Dy the wood, would be compared with rhe line 
0. 


remain. 

ſtrike out | the ] 
ſtrike out | it } 
ſtrike out | the Þ 
ſtrike out | the ] 
ſtrzke out | 00 ]- 
vhen. 

to the hindmoſ?t: . 
| ſtrike out | be ] 
and a little. 
Bucket M being 
raiſed into line the 18, then 


K H. | | 

K L; hne 25 HN- 
that is it. 

Cabeus.. 

B D. 

B D. 

in, 

Feathers: 

proceeding. 

of the Centre. 

but only. 

with a Semicylindric. 
no extream end of. 
by ſhortning the rule; 
for in Fig. 129. ler. 
the Jags- 

lightly. 


a 
Problem, V.. 


<onltlt.. 

wearing. 

equality. 

by the way- 

Slowneſs, line 19. Clocks, Meaſure. 


alwaies. 

require greater weights; line 35, then 
adapt : line 19, applyed. 

ſtrike out! [ an ] 

wings. 

in an hour. | 
thickneſs, line-39,” add Fig. 142. 
to be uſed. .,. 

prefixt,, _ 

third Minittes. 

2173 andſo gradually in the number of. Pages. 
-one : line 20. ſtrike out | the ] 
221, ec. hne 7, the 

223, O% gradually. 

plate. 
its hand: line 30 Axtifices., 
make a Comma after Indexes. 
dividing: line 7 a (crate. 
ſtrike out | ang} 

they. | 
interval- 
- Wheels, - 
after [ table] SS a full op. 
B to C. 


Syſtem. line 24. pupermaſly. 
Leaves. 

leave out | U&f7 ] 
paſs. \. ;. 

Flexible. | 
ſtrike out | 70]. 
re-enter. 

CV. 

Axis. 

Eftorr. 

they come. 

Prop. XIV. 
ſuſtain. 

| Prop,! - XV: = 
Prop | \ XVI... 637 

| Prop. XVII. - 

| Cyligder. 

; 1n the place. 


 C— 


